Erstellung von Mietspiegeln: ein semiparametrisches Regressionsmodell zur Schätzung der ortsüblichen Vergleichsmiete by Redondo González, María Josefa et al.
 	

   ﬀ	
ﬂﬁ
 ﬃ

































































































































































S ;.	/TVU U W&XYQ
   
 %ﬁ  < %ﬁ&ﬃF%ﬁ A  	 55
 !#

























































%ﬁ <ﬂﬃ3 $Qﬀ !#
























































:%ﬁE .5 , 	ﬀ%  '& C >76L
0;ﬃ
.




ﬂﬃ:".( 	 ' 	ﬃ,

	.' !#$& 6L 	ﬀﬃ !#
 Q)@
		(ﬂ7 54 55










































 Q  !#
  < %ﬁ&ﬃ %ﬁ %ﬁ!#
0@
		1 	* 























.Rﬃ%ﬁ0ﬀ,	ﬃ%ﬁ9 02/ﬂﬃ %ﬁ R*K'  .&ﬃ
	%ﬁ <ﬂﬃ3 ;:
"@%ﬁ& 3












































. 5 ﬃ3 ﬃ
E02%ﬁ&67.'
!#







	 NW W&N   	;%









ﬀﬂﬁﬂﬃ "!$#&%$')(+*,'-ﬂ.0/ ﬂ# %"ﬂﬂ
132
4'-ﬁﬂﬁ5'- $%$')(+*,'-ﬂ.0/ ﬂ# 6
7








ﬂ "min/"(0 "! o
T QT  5
ﬃ.' Q?Q?Q?Q?Q/Q?Q?Q?Q?Q?Q?Q?Q?Q?Q?Q/Q?Q?Q?Q?Q?Q?Q?Q?Q?Q?Q/Q?Q?Q?Q?Q?Q?Q P
T Q N 6L	ﬃ:&ﬃ
	
	.'A  B(" ;.'  <	:&ﬃ
EQ?Q?Q?Q?Q?Q?Q?Q?Q?Q/Q?Q?Q?Q?Q?Q?Q p
T Q P   ﬃ-,
' 
5 Q?Q?Q?Q/Q?Q?Q?Q?Q?Q?Q?Q?Q?Q?Q/Q?Q?Q?Q?Q?Q?Q?Q?Q?Q?Q/Q?Q?Q?Q?Q?Q?Q q
T Q PRQT #6L
%ﬁ: ..R* '&!#
 Q?Q?Q?Q?Q?Q/Q?Q?Q?Q?Q?Q?Q?Q?Q?Q?Q/Q?Q?Q?Q?Q?Q?Q q








T Q PRQ P HJ 	-, . "%ﬁ&ﬃ
5 Q?Q?Q?Q?Q?Q?Q/Q?Q?Q?Q?Q?Q?Q?Q?Q?Q?Q/Q?Q?Q?Q?Q?Q?Q U
T Q PRQ r   ﬃ2
3
.	 	ﬀﬃ
55.'A     ﬃ-,
' 
5 Q?Q?Q?Q?Q/Q?Q?Q?Q?Q?Q?Q T T





















5 Q?Q?Q/Q?Q?Q?Q?Q?Q?Q N N
N2Q N2QT 
 %ﬁ &ﬀ,#ﬃ
 Q?Q?Q/Q?Q?Q?Q?Q?Q?Q?Q?Q?Q?Q/Q?Q?Q?Q?Q?Q?Q N N











































































rQ N2QT "@%ﬁ&?,	ﬃ ﬃ	%ﬁ 02%ﬁ <ﬂﬃ3
.'GA   %ﬁ&ﬃ * .:&ﬃ 
 Q?Q?Q?Q?Q?Q r,+
rQ N2Q N  
	R* .:&ﬃ 
 Q?Q?Q?Q?Q?Q?Q?Q?Q/Q?Q?Q?Q?Q?Q?Q?Q?Q?Q?Q/Q?Q?Q?Q?Q?Q?Q pW
rQ N2Q P ( 5D
		 !	
ﬃ Q?Q?Q?Q/Q?Q?Q?Q?Q?Q?Q?Q?Q?Q?Q/Q?Q?Q?Q?Q?Q?Q p2T
rQ N2Q r  &2,Rﬃﬃ%ﬁ  ' 
%ﬁﬂ*+ﬃ
B









  	ﬀ6 	ﬀﬃ.' ﬀ6L
	ﬀ* .:&ﬃ 
 p0r
rQ P 02%ﬁ <ﬂﬃ3







 Q?Q?Q s W























p2Q N 1-ﬃ  A     ?,	
 ﬃ
	&ﬃ
 Q?Q?Q?Q?Q?Q?Q?Q?Q?Q?Q/Q?Q?Q?Q?Q?Q?Q s s
p2Q P  ﬂﬃ
	
.:&ﬃ B. 	L5.'A   : ,532R
 89:&ﬃ 	
 Q?Q?Q/Q?Q?Q?Q?Q?Q?Q q N
p2Q PRQT  5
ﬃ.' /32#,5 	ﬃﬂﬃA /89:&ﬃ 	
5&2 Q?Q?Q/Q?Q?Q?Q?Q?Q?Q qP
p2Q PRQ N &6L
.'A   89:&ﬃ 	
5&2 Q?Q?Q?Q?Q?Q?Q?Q?Q?Q/Q?Q?Q?Q?Q?Q?Q +&N






p2Q rQT  	 !5
ﬀﬃ
55.' Q?Q?Q?Q?Q?Q?Q?Q?Q/Q?Q?Q?Q?Q?Q?Q?Q?Q?Q?Q/Q?Q?Q?Q?Q?Q?Q U s
p2Q rQ N | 	ﬃﬀ*  	ﬂﬃ  
 2
55 Q?Q/Q?Q?Q?Q?Q?Q?Q?Q?Q?Q?Q/Q?Q?Q?Q?Q?Q?Q U,q
p2Q rQ P "@%ﬁ&?,	ﬃ ﬃ	%ﬁ02%ﬁ <ﬂﬃ3

	' 
! *Y<.	@?.R*  ("  4 <%ﬁ
!#
'ﬃ











 	ﬀ6 	ﬀﬃ.' ﬀ6L
	ﬀ 
	 "@ ﬀ,
ﬃ  ﬃ Q?Q/Q?Q?Q?Q?Q?Q?Q?Q?Q?Q?Q/Q?Q?Q?Q?Q?Q?Q?Q?Q?Q?Q/Q?Q?Q?Q?Q?Q?Q U U











































































































 H 	4!5QEQ?Q?Q?Q?Q?Q/Q?Q?Q?Q?Q?Q?Q P,p
rQT 02%ﬁ
7















M XYQ Q?Q?Q?Q?Q?Q?Q?Q/Q?Q?Q?Q?Q?Q?Q?Q?Q?Q?Q/Q?Q?Q?Q?Q?Q?Q p s
p2QT  ﬃ
5D







	ﬀ* .:&ﬃ *Y<.	  "@ ﬃ  ﬃ Q?Q?Q?Q?Q?Q?Q?Q?Q?Q/Q?Q?Q?Q?Q?Q?Q U5+
p2Q N  ﬃ
5D







	ﬀ* .:&ﬃ  *Y<.	 5"@ ﬃ  ﬃ . 	L
 !%ﬁ&ﬃ.' 
 *Y<.	 
"@ ﬃ  ﬃQ Q?Q?Q?Q/Q?Q?Q?Q?Q?Q?Q?Q?Q?Q?Q/Q?Q?Q?Q?Q?Q?Q?Q?Q?Q?Q/Q?Q?Q?Q?Q?Q?Q TVW W
p2Q P +,.,	 2R





("  4 <%ﬁ?!#
'ﬃ
  	ﬀ6 	ﬀﬃ.' ﬀ6L
	ﬀ

























	"@ ﬃ  ﬃ Q?Q?Q?Q?Q/Q?Q?Q?Q?Q?Q?Q?Q?Q?Q?Q/Q?Q?Q?Q?Q?Q?Q TVW&N
	QT  ﬃ
5D













	Q N  ﬃ
5D


















B/ ; *Y<.	 ?0;ﬁR 	ﬀﬁR?M-TVU,q q X Tir







  ﬃ2Q Q?Q/Q?Q?Q?Q?Q?Q?Q T+q
p2QT 3$5 H 	4!5
 . 89:&ﬃ 	
 A  	7. %ﬁ 89:&ﬃ 	
5&2Q Q?Q?Q?Q?Q + P





! <.$	ﬀﬀ, H 	4!5
 Q Q?Q?Q?Q?Q?Q?Q?Q/Q?Q?Q?Q?Q?Q?Q + r
p2Q P . ,R*K:&ﬃ 	
5&2/
	 ' Y, H 	4!5
 Q Q?Q?Q?Q?Q?Q?Q?Q?Q/Q?Q?Q?Q?Q?Q?Q +,q






 Q Q?Q?Q/Q?Q?Q?Q?Q?Q?Q +5+




	%ﬁ&ﬃ.' -, H 	4!5
 Q Q/Q?Q?Q?Q?Q?Q?Q U W
p2Q s . ,R*K:&ﬃ 	
5&2/
	7.ﬀﬁﬂﬃ.' -, H 	4!5
 Q?Q?Q?Q?Q/Q?Q?Q?Q?Q?Q?Q U r













Q Q/Q?Q?Q?Q?Q?Q?Q?Q?Q?Q?Q/Q?Q?Q?Q?Q?Q?Q?Q?Q?Q?Q/Q?Q?Q?Q?Q?Q?Q TVW r














"@ ﬃ  ﬃQ Q?Q?Q TVW,q











p2QTVW    -
3
&ﬃ
















J67%ﬁ&ﬃ' < :  %ﬁ . 	
%ﬁ&ﬃ5%ﬁ
ﬂ7 55 *Y<.	 
(" ;.' 	:&L.6L
	
  <. -'5









 QD ' 
' 
&6 <	ﬀﬃ' :;.   ﬂ@
 








.Rﬃ 7	ﬃ.R*  C2G  ﬃ-,
' 
5 















' 	ﬃ <ﬃ  ﬃ-,
' 



















	(" ;.' ﬀ &ﬀ,167	 .	%ﬁ1-,#
3


























0;ﬃ%ﬁ.,	 !# . 











 Q  F
	


























































































5 . ' 
%ﬁ <ﬂﬃ3 $Q.  
5 %ﬁ !#
#. 







55 C  
 
	   ?,	
 5E  	2.:& 
	

	. ﬃ . 


















	 A  )


























































































'  3 67%ﬁ
 











































	J0;ﬁR  	ﬀﬁR7MK  X ' 











 Q& 702%ﬁ <ﬂﬃ3Y,
 ﬃ2
 *Y<.	 %ﬁ&ﬃ5$	

































 A     ﬃ-,
' 

































































	ﬀ$Q  .	  	ﬀﬃ































55.' A    ﬃ-,
' 
5 
	2 	ﬃ 2R  


















         
      
































































































 %ﬁ  &ﬀ,#ﬃ
!










































































5D:;.	3/A  	' 
ﬀﬃ
55767.	





















 Q  @
























 < 	ﬀ  
































	ﬀ 67	 C$6 <	








































































55 !# ﬃ	ﬃ%ﬁ&ﬃ $Q
            
 
  /,ﬃ
5$r 67	 .R*  02%ﬁ <ﬂﬃ3





























	ﬀ$Q  .	702%ﬁ <ﬂﬃ3
.'G
	 %ﬁ&?,	ﬃ ﬃ	 ,
%ﬁ


























	ﬀ$Q  %ﬁ5. 	ﬃ 67	 02%ﬁ <ﬂﬃ3
.'
	 ,	ﬃ ﬃ	%ﬁ






55 !# ﬃ	ﬃ%ﬁ&ﬃ $Q
/,ﬃ
















































 Qﬂ.R* ' 	.
	 ' 	  
















	ﬀ$QL %ﬁ167	 .ﬀ*Y<.	5%ﬁ  .5=<ﬂ
	 02%ﬁ <ﬂﬃ3
.'









 ﬁ5@ '(6 
	' 
5
ﬃ  67	 Q 
  &2,Rﬃﬃ%ﬁ HJ
	ﬀﬃ
5.' ﬀ 5	 
*Y<.	 | 







Q 02%ﬁ5  5%ﬁ
6L
	
8   -
3
&ﬃ
	ﬀA55 V6L 5 *Y<.	 












  	   *    4      
8 	  
 
   ﬀ
      8
	   4
T
     
 8









  R*Y<.	.' :ﬂ,ﬃ

































	(" ;.' ﬀ &ﬀ,167	 .	%ﬁ1-,#
3


























0;ﬃ%ﬁ.,	 !# . 

















67%ﬁ&ﬃ'  < :  %ﬁ . 	
%ﬁ&ﬃ5%ﬁ
ﬂ7 557*Y<.	L
 (" ;.' 	:& . 67	  <. -'G5 	' .
& *Y<.	   ?,	







 Q /' 
' 
&6 <	ﬀﬃ'  :;.  
	 02%ﬁ&6L
3
























 Q  !#
 
	 5 &@
















   	   	   
      
 	  
 




 A  B
	@  ﬃ2:! <' 

























5&A   <.!#
	ﬀs W  
S 	 TVU U,q X ﬀL































	ﬃﬂﬃ A  OT+p2Q W URQTVU U U




























%ﬁ ﬀ$Q#?8  2R
	.'





 ,# 5ﬃ ,
%ﬁ


















	 (" ;.' !.&A 
ﬀﬃﬃ 
 Q#  























  	:&ﬃ ﬃ !#
 


































 <ﬀ 	ﬀﬃ<.!5%ﬁ HJ
	' 5











































































































   )	 	    
    
        
 























































   ﬃ	 A2  C;
("
'












 "!    "!
ﬀ ﬂ ﬁ












	:;5 A  




	:;5 : < 





































.R (" ;.'G:ﬂB5 
ﬀﬃ5
ﬀﬃ.' *Y<.	 













OM+A2' 5 Qﬃﬂ%63&& &9 M-TVU U,p XXYQL.R* ' 	.)
	  54 -:ﬂﬂﬃ  

 (" ;.' -,
	:&ﬃ
@%ﬁ56L	ﬃ:&ﬃ














	ﬀ$Q .R* (" ;.'  <	:&ﬃ

  ' 
&ﬃ




















.R*J(" 	ﬃ. CD.%ﬁ 6L
E
 %ﬁ&/









































 | 	ﬃﬃ:&ﬃ : ﬀﬃ
 .R*
 (" ;.' 	:&1	































 Q  3
. ' 
 < 	
   6  02.%ﬁ: ﬀﬃ
 M  
	ﬃﬂﬃC9HJ
	ﬃ5.' -,
 	   	   
      
 	  
 




 .ﬀ6/Q XYC 3
.' -, !3 6/Q#>@3
.' : ﬀﬃ
 C ﬂ7
' .' : ﬀﬃ
. ﬂ7 ,	ﬃﬂﬃ.	:ﬂ,
ﬀﬃ





























  8 5' /
	 
 | 	ﬃﬃ:&ﬃ : ﬀﬃ
 ﬀ54.R























ﬃ/ 54' ?< ?















	   ﬀﬃ
 .R*
    6L ;.' -,
	:&YXYQ
ﬁ























  .'&' 3
.  R*  	ﬂﬃ "!#

















&ﬃ5%ﬁ;.'A    ﬃ-,
' 
5 55R

























































  ,)- ( ( .	- - (+4 -/,)&& M-TVU URT=XXYQ
5 . ,R ;.
55










 (" ;.'./ &2 ﬃ	%ﬁ
























  	   
      
  ﬀ ﬂﬀ !ﬁ
`	 #
H` 



















ﬃ'  55 
	   R*  	ﬂﬃ : ﬀﬃ
 *Y<.	   3

54:&ﬃ
.	  < ' 5%ﬁﬀ

	'5ﬃ


















































  6  M 





5BA     ﬃ











































































	  8.:&ﬃ 








/  6  ﬂ +*M-TVU U s&XL. 630 &(+4 M-TVU U U&XYQ
`	 #
ﬁﬀ SF"<RFP>ﬁﬀ"GH?EQ$M=F SNUBJ;=KVGEW4XOF ?H;ﬃﬂFBC>_<RQ$MJGEW ;=K




5 67.	TVU,q2T   
.Rﬃ%ﬁ@  ﬃ	
%ﬁ& 
'  *Y<.	ﬀ$Qﬂ  	-,
ﬀﬃ












	J  ﬃ < 
   	   	   
      
 	  
 













































































	 !# ﬃ	'ﬃ 






























	%ﬁ&ﬃ-,	ﬃ 2R@  <. -' ﬀﬃ
!#

























5.'A     ﬃ
	 < ;.2,
' 










9XYCI  GN2Q (" 2,
	ﬃ.: <.' .' %ﬁ;.Rﬃ3
' 















  	 < ;.'A     ﬃ3


















	' ?  ﬃ/	ﬀ* 
@







.F  ﬃ 	ﬀ*   	ﬀﬃ<.!5%ﬁ   ﬃ*Y<.	A 
	' 5





 Q.  
	
 !#















' .' ﬀ*Y<.	   ﬃ-,
' 
5.%ﬁ 	
5 A&$CL"    ﬃ
 
	ﬀ6 <&$C  3
.	
	L





  	   





ﬃ	ﬃ. A  "	
LS 	



















    2R5
	 < ;.'G.





	 < ;.' .R*J!3
.ENW  *Y<.	@(" ;.2,
' 









  < 
	
5 +G/  ﬀ M+A2' 5 Q  N!
QDT/
 (+4 . (+& ( . 4 (ﬃ8 . *+2,)&')(+4 $&9:*9:(+*( .










 02%ﬁ;.Rﬃ3 *Y<.	    ﬃ
	






































  	ﬀﬃ<.!5%ﬁ   ﬃQ
`	 #
 #  DON-] BJ;=K W4Q$M3>_F?HGEF
() ﬂ%63&& &9 M-TVU U s&XG
	ﬀ6 <&$C    ﬃ-,
' 
5  

























  ﬃ2C .%ﬁ"02%ﬁ <ﬂﬃ3
.' 
 *Y<.	  ﬃ <  A  5 3

56L ;.' 
 M+A2' 5 Q#=@&6L
 ,
B

























5 *  5' 
HJ 	ﬀﬃ


























































   	   	   
      
 	  
 


































































.	7 ﬃ2 5 ' %ﬁ
  	ﬃ:
?.%ﬁ  4 2,)- (+41M-TVU U&N&XX .3 6 	 9




























;.'* 	ﬀ A  ?A2
	 S 	
?*Y<.	   	ﬀﬃ
55.'






 ;.	   ﬃ










	V<  C.ﬀﬁﬂﬃ.'C 	L
%ﬁ@ﬃ 

















 ﬀ$Q9  67	   ,.54ﬂﬃ 2
	























;.' ﬀ* 	ﬀ  < 
	




   ﬁ.,.' 
 . "@
.!%ﬁ5<. A     A 
	ﬀﬃ	V<' 





























;.' ﬀ* 	ﬀﬀ;9  ;!#
3



















/8	ﬀ A   NGS 	
 Q





























PRQ    ﬃ-,
' 













  	   
      
rQ@+	L










  	ﬂﬃA 
	GHJ 	%ﬁ	*+ﬃ
  

























	<.%ﬁ:;%ﬁ&ﬃ'$C  5<ﬀ.! 
:&ﬃAﬀ> !# ﬃ	ﬃ%ﬁ&ﬃ  6L
	
















02 :ﬂ  "@%ﬁ&ﬃ!#
	<.%ﬁ:;%ﬁ&ﬃ' .'  ?,	
	
5 A&ﬃ







































 $C&?A   






















  [ FP>@M=D KJF; ﬀ"B=N N@<)>_FGHGHBJ;=X Y3D3; [?EFP>_<_^J?EF"XOFGH;
  . ,Rﬃ3





	 < &ﬃ | 	ﬃ-,	
37.R*#
 (" ;.' 	:&
3





















































;.' ﬀ &ﬀ, %ﬁ	ﬃ:&ﬃ
	
	














!   	            
M+A2' 5 QR  6  @&6L
/
/"%$&')(+*- & *. (+4 $- *









ﬃ ﬃ ﬃ3$5.'  G "@
!#
: ﬀﬃ




























   6    (+* M-TVU U W&XYC ' q XYQ   
	 	ﬃ 2R ﬀ 
 *+ %ﬁ&67
	'C
    	   	   
      
 	  
 
 	          ﬁﬀﬃﬂ
  
 












































































































































5 p A 












 : :;	 ﬃ







	B(" ;.' ﬀ &ﬀ, 67	).	%ﬁ 
F!#
ﬀﬃ ﬃ1  ﬀﬃ








  	ﬀ6 	ﬀﬃ.' ﬀ6L
	ﬀG
 (" ;.' ﬀ &ﬀ,!#






   ﬃ*Y<.	 





























        




    
 
      
   

























.Rﬃ.' '  6L 
 Q$"%ﬁ 
	  	5 <.Rﬃ







































(" ;.' ﬀ &ﬀ, 
&ﬃ-,	%ﬁ&$Q B  ﬃ













%ﬁ $Q  
E 	ﬀﬃ
55.'
 < ' 5%ﬁ ﬀ$C 67	"' 
 
 CD  4. *K:&ﬃ 	
"5/:ﬂﬂﬃ
'  	45 H 	4!5
F!#Y,
  	   




 Q 8<.	 ;.&ﬃﬁﬂﬃA   4. A	4!5


















5 ;.	 .ﬃ' 
)<.!#
	/,	 	 ' 
!5 ﬃ
5 54
1M+(" ;.' ﬀ & ,
,#
9X  < ' 5%ﬁ Q























!.'    <	3TVU,q q7
	ﬃ
5D67.	/M+A2' 5 Qe1, 9*. 4ﬃ, . ')(+4  . ,)'. ,)4 -













 C&(" ;.' ' 	V<  . .ﬀﬁﬂﬃ.'  6L
5LP 54


































	ﬀﬃ:ﬂ?A  	54' 
 CR. 








 (" ;.' ﬀ &ﬀ,%ﬁ
B3
.: < 




















5 A  B  ﬃ-,
' 
5!%ﬁT Q PRQ P&X
 55 / 54




 Q| ﬂﬃV<%ﬁ5%ﬁ . 
"






 ' 	  
 C
. =@  ' 
=<ﬂ. 




	 0;ﬃ%ﬁ.,	 !# 









. '  6 <	5
ﬀﬃ
 Q /3$5 
	  54
  55 ,
ﬃ 55
	' .%ﬁ %ﬁ& 3
. ' 	 




















  (+4 8630 (+4 Mﬃ8- '.
M-TVU U P&X 
=	L
 ﬃ3
.' A   
ﬀﬃ
















 (" ;.' ﬀ &ﬀ, !#
ﬀﬃ $C  
	 	ﬃ 2R*+5G.	%ﬁ%ﬁﬃ ﬃ
,	 .	ﬃﬂﬃ ﬃ
	
Q9  <. -' ﬀﬃ

































 3$5JA  
    	   	   
      
 	  
 












	@U W ; N2Q r,+ PRQ N + PRQ U W
! TVURT + sRT ,-U W ; N2Q U W PRQ s5+ rQT+p
! s W ; PRQT+p rQ W P rQ p p
<.!#
	@U W ; , PRQ W,p rQ r&W
TVURTVU=,ﬁTVU r,+ sRT ,-U W ; N2Q pU PRQ s r PRQ U5+
! s W ; N2Q U r PRQ s,q rQ N +
<.!#
	@U W ; , , rQ P P
TVU r&U=,Es W sRT ,-U W ; , PRQ q N rQ + W
! s W ; , rQ NU p2Q U,p
<.!#
	@U W ; , , p2Q W5+
TVU sRT ,Es5+ sRT ,-U W ; , , p2Q W P
! s W ; , , sRQ W s
<.!#
	@U W ; , , rQ + r
TVU s U=,Hq N sRT ,-U W ; , , p2Q r)p
! s W ; , , sRQ W,q
<.!#
	@U W ; , , p2Q N N
TVU,qP=,ﬁTVU,q s sRT ,-U W ; , , p2Q r;N





















































































/ ; *Y<.	I 0;ﬁR  	ﬀﬁR$C 0;ﬁ 9
  <	3GTVU,q q2Q.
559=1, 9*. 4ﬃ, . ')(+4   . ,)'.  ,)4 - *. ,)'.1M-TVU,q q XYQ
  	   
       
  4. *K:&ﬃ 	
E	





































  ﬃ2E!#1-  %ﬁ  | !#




















 C 0;ﬃ%ﬁ.,	 !#
;.G*K'C  ﬂﬃ
5&2G.  	' 
!	ﬀﬃ
5 ,































	. *Y<.	 ﬂ@. 	2,
;.' %ﬁ5 <'A  	
C@ < 	ﬀﬃ<.!5%ﬁ
   ﬃ





































5 $A   .' 
'&' 
 C
/ "@ ﬃ  ﬃ .	%ﬁA 
	%ﬁ








	"@ ﬃ  ﬃ .













































 	L ﬃ	V<' 
 3
.ﬃ




























 3Q 	Q; <' A  
	  ' @2
	J("  4 <%ﬁ
	J(" ;.'! Q
 
	0 	ﬃ 2R 6L
	






	)  4. *K:&ﬃ 	
 

	L("  4 <%ﬁ !#
	<.%ﬁ:;%ﬁ&ﬃ'$CR @("  4 <%ﬁ %ﬁB5 
	L67%ﬁ&ﬃ' ﬀﬃ   4. *K:&ﬃ 	
 

&e1 1  &
























 	   	   
      
 	  
 






















5 TVU U W URT/ '&	 





















 (" ;.' ?
  


































































 Q/   ﬂ7
' 	































   :ﬂ 3

' 





























































































   ﬁ
	 
  "
   "! 
ﬀ ﬂ ﬀ  !
 "  ﬀ    ﬀ ﬂﬀ !ﬁ
 :&ﬃ.
55   ﬃ	
'  ﬀﬁ .
	5 ﬃ3 ﬃ
 ﬂ7 A2 1
   ﬃ	
%ﬁ&ﬃA   TVU U WRQ
 L67.	?










































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































    	   	   
      
 	  
 




"67 	 .2,ﬁC 	L2
2,ﬁC /,ﬁ5 ,ﬁCD>@&ﬃ
































   	:&ﬃ ﬃ
	
' C&
   ﬃ< 























	  	:&ﬃ	V<..' *Y<.	ﬀ?>1M 
 ,)(+9:(+4 " 2$8 (+4 M-TVU U,p XYC
0#QPp NV,HpP&XYQ5@
'&ﬂﬃA = ﬃ 
:&ﬃ 












 (" ;.' 	:&
	ﬀ6 <&G6L
	
 QJ.  
	










 &2 ﬃ	%ﬁ  	
-,-.,.'
A 



















   A 
	 <5ﬃ
F:ﬂ. <.!#
















 M  Mﬃ8 +*  72$  (+4 M-TVU URT=XXYQ
 =@;!5%ﬁ:.R* ﬂ7 A2 /
   ﬃ	



















































  55 Q
 













	!A   TirQ   <	3TVU U,q67.	?A  	' 
%ﬁ54' 


































































  >@' 5






.' A  
 
	 < ' .' 
?A2
Q  
	 < ;.' 
 ﬀﬁ!5
	














 (" ;.' 	:&ﬃ
.)!#Y,
              
      
 
 	  
     




 .5.7  	:&ﬃ ﬃ,   ﬀﬃ





















































































%ﬁ ﬃC  02ﬃ.ﬂﬃ G
   ﬃ	:&ﬃ
 	L ﬃ	ﬃ%ﬁ& 3






































	   .
&ﬃ
.,	
A  	 9 	L3











































	V<   >M 
































































%ﬁ ﬃ A  	' 







  ﬃ  E<.!5%ﬁHJ
	' 5
%ﬁ ﬃ;.	55GA2
















	/%ﬁ5 <' A  	
C
 






ﬀﬃ  67	 QI !#

ﬀ 





	LA   
	 .	%ﬁ%ﬁﬃ ﬃ

	75 T+p %ﬁ  !#
!&6L
%ﬁ&M+A2' 5 Q+"%$&')(+*,)-/. 032$4 57638&$&9:*ﬁ;<(+*(+& M-TVU U U&XYC
     	   	   
      
 	  
 













.	%ﬁ%ﬁﬃ ﬃ67	 %ﬁ&7 <
	2,	V<3









































	 HJ 	%ﬁ5 <'  3
.	I:;.  Q
















 	E	 .>C 67.	 p2Q S. NW W&N  "ﬂﬃ 5	ﬃﬂ:;.Rﬃ

















	    ,.,#
5.' 




















5J S 	 3




	.' 32 '  , 6L
	
 Q  .
 
	ﬀ*  5' 
<
>@!#




















































































 Q  6L=,   3
 ,R?!#




















!"ﬂﬃ 5	ﬃﬂﬃ A   p2QS.DNW W&N 67.	
!#
%ﬁ5 








 :ﬂ M 






	7   ﬃ	 A2  2%ﬁ%ﬁ&@!#

 $Q
      
  
g	 	    	

8
	       
    	         g	
  ﬀﬁﬃﬂ "!




































































































67	):;	9< :  %ﬁ * .
	ﬀ$C  Q  Q 






















  *  5' 

G67	G3







     	           
 
      
   
      
             




































ﬀﬃ ﬃ .ﬃ' 


























   " 
  ﬂ  " 
   !ﬁ     !
      ﬀ ﬂ 
ﬀ !ﬁ
ﬀ ﬁﬀ H` ﬂ ?EFgM=F"KJD3;J?E<RQ$M=F ^ D4>@M=F"<RF
 









	 63$4 . M-TVU P U&X?<.!#
	7
 ﬃ 
:&7A    	
V<
	.' 





ﬃ.ﬃﬂﬃ3Q  .	!.&ﬃ -3

	.'A    	
V<
	.' 





























  ' 
%ﬁﬂ*+ﬃ
F
 .Rﬃ  
	:;5 <	ﬀ
67	 Q!4    ﬃ8(+* M-TVU sRT=XL
& 67%ﬁ:
5ﬃ
   ﬃ2 5 '  3
.	 .5=<ﬂﬃ!#
	




















 A     ,)&? ,)*. (+41M-TVU s s&X .	ﬂ%63*(+& M-TVU,q0r;XYQ

       












  !ﬂﬃ 

A    ' 
%ﬁﬂ*+ﬃ
  C6L !#
D







































 M+67 3Q 	Q*Y<.	 






















































     	ﬃ       
     
   	             
 
      
   







































%ﬁ   6L	ﬃ:&ﬃ
	ﬀﬃ:ﬂ 5  
' 
 <ﬀ  ' 
































	ﬀﬃ:ﬂ?	/M+A2' 5 Q #4  ( .ﬃ. M-TVU5+ s&XYC






































































	!	Lﬀ$Q8.:&ﬃ IMﬁﬀ X 67	
       
   


        
' 
&$Q#
	  ' 
&ﬃ
       
   
2
	




























  6  "%4ﬃ,





















































	L A  	  ,	ﬃ:&ﬃ%ﬁ





























































    	           
 
      
   
      
             
         
 



























 A    %$ﬀﬃ
	
2,
'  *Y<.	ﬀM 



































.>=  . ﬃ
 	Q
 




































	ﬀﬃ:ﬂ ﬀﬁ  
















) 	2.:&ﬃ ﬀ* .:&ﬃ  Q <. -'767	/ 
















67 3Q 	Q !( , . 63&  72$  , $(+4 M-TVU5+ W&XYC0#Q#N p q2CR75$	  2
55 *Y<.	6L	ﬃ:&ﬃ
	ﬀﬃ:ﬂ
5 	  *Y<.	  
 %ﬁ  &ﬀ,#ﬃ
Q755

























A  	' 
ﬀﬃ
55$Q
u / u / u /ﬂa 





















































 A   
B.R* 
   	:&
     	ﬃ       
     
   	             
 
      
   





















































































  . ﬃ









ﬃ'5 8 	 .
5   .


































5J8 	ﬂ   










































































	 WRCD .R* 











. D ﬃﬂﬃ3 Q




































 .55?8 	 !#
ﬀﬃ
&	 CD 



































 	2.:&ﬃ A $.
*
A   6L	ﬃ:&ﬃ
	ﬀﬃ:ﬂ


























M N2Q N X
 
 	           
 
      
   
      
             









 5 	2.:&ﬃ ﬀ* .:&ﬃ   : &A 32R
	
| 
































	  < .' 
E 
	.' -,	 !5
"M N2Q N XB
	' 
!#









































































ﬃ3 G*  5' 

  ' 
2,
%ﬁﬂ*+ﬃ
 9 02 ﬀ   ' 
/A  

	ﬃ   
c
















































   ﬀ    






























 %ﬁ7  ﬃ29  

 ﬃ L' 
!#

 C . 67 A2















 %ﬁ   ﬃ2E	







































































1 1 I!O!ﬀ ﬃ
 #"
ﬀﬁO!1 O!/! ﬀQ)C $  ﬀﬁ) ﬀﬁ1 O!5$
U
























































5, , E NIN_n ﬀ8Z 	 f h H^  
^5` 	 ﬃX%*-!-!n ,S*ﬀ4*Fn,
     	ﬃ       
     
   	             
 
      
   
         





























 M N2Q r;X





%ﬁ;.'M N2Q r;X 67	A  














ﬃ3  : ﬀﬁ&ﬃ?02:ﬂ5

	ﬀﬃ	V<' VXYC2










  ' 





  	 ,# ﬃ  p2Q 6Q N2C A2+XG<1,)*  	 6  (  ( .
,




























  EQ 	Q N 1,)*  	 6  (  ( . ,





































































































































.%ﬁ < ,R* .' ' 5
%ﬁ
 






  . M  ,Rﬃ5  < .'










&   ,Rﬃ
	.' -,	 !5
























     	           
 
      
   
      
             



































M N2Q p X
6L !#
  Mﬁﬀ X 
B 	5"@.Rﬃ3








55 M+A2' 5 Q2  6 ]1,)*  	 6  (  ( . ,

M-TVU U,p XYCR0#QU?*Y<.	L






5 < .'A   M N2Q p X 
	' 
!#





















 '  6 <	5
ﬀﬃ $C& +"@.Rﬃ3

R* .:&ﬃ  ﬀﬃ ﬃ'?ﬀL. 
2,
' 7A   
		
%ﬁ;!	



























 %ﬁ  &ﬀ,#ﬃ










ﬃ $C ' 


















































 A     . 9  (+4 M-TVU r)p X3
.	B5&2 A    	 <	.'  <ﬂﬃ
 . .R*

	IA    ,)& .
	 9 M-TVU s P&X 
& 67%ﬁ:
5ﬃ
 02,532;,ﬀ  ﬃ2 
	J5$	
4 	 ' 	ﬃ
	.'Q













55ﬂB5 	  
 !#






1 	2.:&ﬃ ﬀ* .:&ﬃ  IM
 




   ,
!ﬂﬃ 























 54@A    	2.:&ﬃ ﬀ* .:&ﬃ 
B.' 
'&' 







     	ﬃ       
     
   	             
 
      
   




z| 	ﬃﬀ*  	ﬂﬃ  
	@.R* 






















&X4Q  GM 





	J| 	ﬃﬀ*  	=,









   ,)&? ,)*. (+4 M-TVU URT=XYC 0#Q T+q .%ﬁ
HJ
	!	ﬃ.%ﬁﬀﬃ




























































M N2Q q X

J%ﬁ5  ;.	 
*  5' 

8955
 9 <-ﬃ@% L* %
 .,Rﬃ  M+ﬃﬂ 
C&* 32 ﬃ	ﬃ% ﬃ'
%ﬁ	ﬃ% ﬃ
	ﬀﬃ%






G* 	 O &%
 55


















































:&ﬃ 	A   .R*

























C  M N2Q s&X71-
	ﬀﬃ

























%ﬁ $Q  ' 	ﬃ' Y,-8.:&ﬃ 
    2R
	.' -,	 !5












  M   DX   M
c

DX M N2Q U&X
 ,Rﬃ5  < .'G
+ 	 !5
 ﬀ7.	%ﬁ
     	           
 
      
   
      
             






















































































  . %ﬁ 




































IT B5L <ﬀ	' 5








:ﬂ   M !( ,
































 C   















































































































$2 O!ﬀ]XmE5, -HnBXﬁﬀ nﬃﬂ  X"!$#











$2 O!ﬀ  ) 
U























































     	ﬃ       
     
   	             
 
      
   







































































































































































































































































































































 . 02%ﬁ5.  67	 5$	 2
55 *Y<.	
6L	ﬃ:&ﬃ



















("  4 <%ﬁ
	(" ;.'E 

M B' 	V<  
	



















 ﬀﬃ*+ﬃ YXYQ .R* 




































































































































X4Q   M 





	4| 	ﬃﬀ*  	ﬂﬃ ﬂﬃ	 2  Eﬀ





     	           
 
      
   
      
             
         
 

	  , ﬃ
(" ;.'Q  2#,53























































































































































   !ﬂﬃ 





















' 5 Q <ﬀ%ﬁ	ﬃ% ﬃY,
	ﬀﬃ%








   !ﬂﬃ 






	ﬀ6G<.%ﬁ&ﬃ/  !ﬂﬃ 
 A  6L	ﬃ:&ﬃ
	ﬀﬃ:ﬂRC =,
5








 	L.'  ﬃ	
ﬀﬃ	:&ﬃ  
		









M %ﬁ&6 %ﬁ9X : :ﬂ$A 






  : 





















































































 	L.'   ;.	*Y<.	













	  .:&46 ﬀ$CD6L
































      /     	                  
            
  ﬀﬃﬂ
      
 
      
   
         
.)3 6 	  
  
' 





























	 .:&+	 %ﬁ 
.R* 	A 
	%ﬁ !#










 A   6L	ﬃ:&ﬃ
	ﬀﬃ:ﬂ 
		







      ﬂ   "ﬁ "
 " 	  "ﬁ    ﬂ"   

  !

















55$Q  ' 7

	  ,5:ﬂﬂﬃ 
G!#




























	ﬀﬃ !# ﬃ	ﬃ#E.ﬀ6 5 
	* .:&ﬃ 5



























 Q& .G*K 78	ﬃ' 
G%ﬁ











 C. %ﬁ 






































































	 .%ﬁEA    %$=,
 ﬁ   	           
 
      
   
      
             















M N2Q +&X7' 


































  -, <ﬂﬃ
	 	!#

















































































LA  	 M 
  6   , (  





















/  6 
 4 9:$( ,   *  , 6EM-TVU U P&XXYC=!#














 ﬃ3  M 














 A  6L	ﬃ:&ﬃ
	ﬀﬃ:ﬂA    %$=,
ﬀﬃ
	 . | 	 ,5 L
5* 
  

















 *  5'$C E55
ﬂ       
       	    )	 	    




















	<.%ﬁ:;%ﬁ&ﬃ' .'?A  	
5 A&ﬃ
/6L	ﬃ:&ﬃ















 *Y<.	G !# ﬃ	ﬃ%ﬁ&ﬃ ﬃ
 H 	4!5
 C  Q  Q E
	






































      /     	                  
            
  ﬀﬃﬂ
      
 
      
   


















































































































  < 
	
B  ?,	












































'&ﬂﬃA 1 ﬃ 





	 H 	4!5 ' 76G<.	
	L' 

















	  4. "





F?H 	4!5  ' !#





























/  6  !4 (+(+&("M-TVU U P&XYC./,ﬃ
5+RQ
   .ﬃ
' 











        
 
     )	 	    












































 	           
 
      
   
      
             






















































   6   4 2,)- (+4 M-TVU U&NRC#TVU U&Nﬂ! C
TVU U P&XL2





   

8 	      4ﬀ 	   
    
g	 	    	

8
	   

q


































































QWORbdc_mEKﬁlEHORGXVIWY EHORG;QWG;Q1`HQLKiYZYZG;CHcKiCHUVQ aVXVY+iXVCH IWG>[LG;CKi]R]TKi|HcjKiCHUVORUORQx[`HCHE G;Q
iG;ORCHG$Ki]R]RUVG;YZG;ORC U_j`H]v[LORUVGfG MP\H]RORl;Ov[LG$g\G;l;OvkKk[LORXVC* j`HIEHG;C`HQLKiYZYZG;CHcKiCHUl>^TORQWbdcHG;CEHG;I
G>[W[LXVYZORG>[LG<`HCHEfEHG;ItXVcHCPjKibdcHGuaVXVIWUVG;QWbdcH]hKiUVG;C1^nG;IWEHG;CAkKiCHC_p
z#CHQWbdcH]RORGmlVG;CHE^TORIWEG;ORCCHG;`HG;I#z#CHQLKk[LlFl;`HIrefXgEHG;]R]RORG;IW`HCHU aVXVCefORG>[L\HIWG;ORQWG;CfaVXVIWUVG;QWbdcH]hKiUVG;C_p
q<KiQ QWXVUVG;CKiCHCw[LGQWG;YZOR\KiILKiYZG>[LIWORQWbdcHG$STG;UVIWG;QWQWORXVCHQWYZXgEHG;]R]ORQx[ EH`HIWbdcG;ORCHGAG;Ix^nG;Ov[LG;Ix[LG	]RG o
MPOR|HOR]ROv[NjKk[|G;O EHG;I efXgEHG;]R]RORG;IW`HCHUAEHG;QZ`HQLKiYZYZG;CHcKiCHUVQl>^TORQWbdcHG;C EHG;Y efORG>[L\HIWG;ORQ`HCHE EHG;I





EHG;]R]RG<G;ORCHUVG> j`HcHIx[8p`HIq2G;IWG;ORCP Kibdc `HCHUZ^TORIWE1EKi|G;OyC `HIEHG;I#g\G;l;OhKi]v Ki]R]G;ORCHG;QTIWG;ORCKiEHEHOv[LOvaVG;C
efXgEHG;]R]RQy|G>[LILKibdcw[LG>[8pNz#`PHEKiQiXVCH IWG>[LGsrtcHG;YKTEHG;I	gbdcjKk[Ll;`HCHU#QWXV]RbdcHG;IQWG;YZOR\KiILKiYZG>[LIWORQWbdcHG;C
STG;UVIWG;QWQWORXVCHQWYZXgEHG;]R]RG#^TORIWE1ORY CjKibdcHQx[LG;CAsuKi\HOv[LG;]_G;ORCHUVG;UwKiCHUVG;C_p
/10t u wvA:<989mx7 y{zx=%|:~}Wz?7 :r@R:*y%y'5 Z7 y% 5;:#=y%$5;:r@ :<9
BDCEHORG;QWG;Yﬀz#|HQWbdcHCHOv[W[u^nG;IWEHG;CﬂEHIWG;O|G;kKiCHCw[LG z#CHQ3jKk[Ll;GZl;`HIFg\G;l;OvkKk[LORXVC$EHG;Q`HQLKiYZYZG;Cgo
cKiCHUVQTl>^TORQWbdcHG;CEHG;YefORG>[L\HIWG;ORQt`HCHEfEHG;CncKiILKiw[LG;IWORQx[LORkKaVXVC1XVcHC `HCHUVG;CfaVXVIWUVG;Qx[LG;]R]v[8p












	ﬁﬀﬂﬃﬀ! " " #ﬁ$%ﬃ$&('*) 4 nPpB#Z
|G;QWbdcHIWG;OR|G;C_	^nXV|G;O+EHG;C efORG>[L\HIWG;ORQFiG;CHCHl;G;ORbdcHCHG>[8pq<KiIij`H|G;IcHORCKi`HQF|G;l;G;ORbdcHCHG;C,
EHORG 2mKiIWOhKi|H]RG XVcHCPjKibdcHGr`HCHE-.).ﬃﬀ")" " " /).ﬃ$t^nG;Ov[LG;IWG10efORG>[L\HIWG;ORQWEHG>[LG;IWYZORCKiCw[LG;C_pgqrORGJ	KNo
ILKiYZG>[LG;I2mﬁ	`HCHE |HORQ3ﬁ$uQWORCHEfEHORGus<XgGﬂ4Zl;ORG;Cw[LG;CEHG;QrefXgEHG;]R]RQt`HCHEEHG;I rG;IWY5'ŁORQx[TG;ORCHG
l;`PWjKi]R]RORUVG< [NjXVIxaiKiIWOhKi|H]RGip
BDC G;YZ\HORIWORQWbdcHG;C-6Cw[LG;IWQW`Hbdc `HCHUVG;Cl;`HITefXgEHG;]R]RORG;IW`HCHUEHG;QTefORG>[L\HIWG;ORQWG;QtcKk[ QWORbdc UVG;l;G;ORUi[8gEKﬁl
EKiQ]RORCHG8KiIWGefXgEHG;]R]tC `HI|G;EHORCHUi[UVG;G;ORUVCHG>[l;`HI87IWQx[LG;]R]R`HCHUaVXVCefORG>[LQW\HORG;UVG;]RC*ORQx[8pmq<KicHG;I
^T`HIWEHGfQWG;ORCHG1z#Cw^nG;CHEH`HCHUORC*efORG>[LQW\HORG;UVG;]RC_	^TORG |G;ORY XV|G;C G;Ix^FjKicHCw[LG;CefORG>[LQW\HORG;UVG;] aVXVC
s<ORG;]:9/Xw}TXgEHG;I	EHG;Ye j`HCHbdcHCHG;ImefORG>[LQW\HORG;UVG;] 4CBJXYXﬃB#Zy^nG;UVG;CŁQx[dKk[LORQx[LORQWbdcgoDYZG>[LcHXgEHORQWbdcHG;IeﬂjKiCHUVG;]
 j`HI`HC |HILKi`Hbdc |KiIrG;IW ]DjKiIx[4 agUV] pG>[D^ K 698;:
<>=@?
8 4CBJXYXYnkZhZ pqrORGs<IWOv[LOR \H`HCHw[LG< j`HIEHORGz#|H]RG;cgo
C `HCHU aVXVC6efORG>[LQW\HORG;UVG;]RC_tEHORGKi`PEHG;Y ]RORCHG8KiIWG;CﬁefXgEHG;]R]RQ |KiQWORG;Ix[LG;C_t^ KiIWG;Cﬁ`_p KPptQWX3^nXVcH]
EHORG 2G;IWCKibdcH]DjKiQWQWORUV`HCHUZaVXVC$G;IW ]DjKiIWG;CHEHG;C2mKiIWOhKi|H]RG;C_EHORGFIWG;]RG>aiKiCw[# j`HI#EHORG MnG;Qx[LORYZY`HCHUEHG;Q
efORG>[L\HIWG;ORQWG;Q^ KiIWG;C_ Ki]RQKi`HbdcZEHORGTORbdcw[L|G;Iij`Hbd QWORbdcw[LORUV`HCHUaVXVCZBDCw[LG;ILKiw[LORXVCHG;CZl>^TORQWbdcHG;C87ORCgo
`pli Kiw[LXVIWG;C_p
q<KiQCjKibdcHQx[LG aVG;Ix^nG;CHEHG>[LG efXgEHG;]R] G;ORCQWXVUVG;CKiCHCw[LG;Q KiEHEHOv[LOvawoDY`H]v[LOR\H]RORkKk[LO aVG;Q+efXko








































]RORbdcHGefORG>[LGZXVcHCHGG;|G;CHiXVQx[LG;C 4 G;ORl;`HCHUiNﬂKiIWYF^ KiQWQWG;I;z#`Pl;`HUHWK<IW`HCHEHQx[LG;`HG;I;'e j`H]R]hKi|go
`HcHI;vpvpvp Z`HCHEAXVcHCHG efORG>[Ll;ORCHQWl;`HQWbdcH]DjKiUVGF^TORGFG>[D^ K  j`HI#G;ORCHG1KuKiILKiUVGipqrORGFG>[W[LXVYZORG>[LG 4AZ
G;IWUVOR|P[ QWORbdc Ki`HQ EHG;Ief`H]v[LOR\H]RORkKk[LORXVCl>^nG;ORG;IKiw[LXVIWG;C_EHG;I5K<IW`HCHEHYZORG>[LG4BAZŁ`HCHE*EHG;Y
G>[W[LXVYZORG>[W Kiw[LXVI 4  Z pqrORGK<IW`HCHEgo XgEHG;IM KiQWORQWYZORG>[LGORQx[#EHG;IrG;OR]EHG;IrG>[W[LXVYZORG>[LGiEHORG
C `HIaVXVCEHG;IXVcHCPjKibdcHGrKi|HcjKiCHUVORUuORQx[8p qrORG;QWG;In`HQLKiYZYZG;CHcKiCHUl>^TORQWbdcHG;C G>[W[LXVYZORG>[LGT`HCHE
XVcHCPjKibdcHGu^T`HIWEHGFORY STG;UVG;CHQW|H`HIWUVG;IrefXgEHG;]R]KiEHEHOv[LOva |G;QWbdcHIWORG;|G;C_pqrG;ITQWXVUVG;CKiCHCw[LGFG>[xo
[LXVYZORG>[W Kiw[LXVI 4  Z'ORQx[EHG;IsrG;OR]EHG;ImG>[W[LXVYZORG>[LGiwEHG;IaVXVC Ki]R]RG;CZefORG>[L\HIWG;ORQWEHG>[LG;IWYZORCKiCw[LG;C
Ki`plVG;I EHG;InXVcHCPjKibdcHGKi|HcjKiCHUi[8pHqrORG<g\G;l;OvkKk[LORXVC j`HI EHG;C1G>[W[LXVYZORG>[W Kiw[LXVInORQx[ G;|G;CP Ki]R]RQ
KiEHEHOv[LOvapHq<KiQSTG;UVG;CHQW|H`HIWUVG;IrefXgEHG;]R]_]hKi`P[LG>[TKi]RQWXH
  4 
	#sZ
  




^nXV|G;O&EHORGFXVcHCPjKibdcHG iG;CHCHl;G;ORbdcHCHG>[F`HCHE .).ﬃﬀ")" " " /).ﬃ$EHORG 0*j`H|HIWORUVG;CefORG>[L\HIWG;ORQo
EHG>[LG;IWYZORCKiCw[LG;C_pqrG;I;rG;IWY 'Ł|G;l;G;ORbdcHCHG>[#EHORG [NjXVIxaiKiIWOhKi|H]RG#EHG;QrefXgEHG;]R]RQ;p
efOv[EHORG;QWG;Y efXgEHG;]R]P^nG;IWEHG;C1gbdcw^FjKibdcHG;C EHG;Qm]RORCHG8KiIWG;CefXgEHG;]R]RQ{4 nPpB#Z#j`H|G;Ix^T`HCHEHG;C_ ^TORGTlip M#p
EHORG G;cH]RG;CHEHGz#|HcjKiCHUVORUViG;Ov[Fl>^TORQWbdcHG;CEHG;C(7ORCP`pli Kiw[LXVIWG;C_p	qrORG;Qu^TORIWEORYSTG;UVG;CHQW|H`HIWUVG;I
efXgEHG;] EH`HIWbdcEHORGBDCw[LG;ILKiw[LORXVCHG;CFl>^TORQWbdcHG;CŁEHG;IXVcHCPjKibdcHGn`HCHEFEHG;CFIWG;Qx[L]RORbdcHG;CSTG;UVIWG;QWQWXVIWG;C














]RORbdcHGz#CHQLKk[Ll 4 nPp~}YZ YZXgEHOvl;ORG;Ix[8H`HY!G;ORCHGCHORbdcw[L]RORCHG8KiIWGg\G;l;OvkKk[LORXVCfEHG;Q<`HQLKiYZYZG;CHcKiCHUVQ
l>^TORQWbdcHG;CZEHG;IG>[W[LXVYZORG>[LG `HCHE EHG;I'XVcHCPjKibdcHGTl;` G;IWYAjXVUV]RORbdcHG;C_piqrG;IDK<IW`HCHE EKk j`HI	^ KiI;VG;O o
CHGtaVG;IW|G;QWQWG;Ix[LG#z#CH\KiQWQW`HCHUFEHG;Ing\G;l;OvkKk[LORXVCZKiC EHORGq<Kk[LG;C l;`ZG;IWYAjXVUV]RORbdcHG;C_iEKuEHORGtCHORG;EHIWO o
UVG;CZefORG>[LG;C$j`H|G;IWQWbdcjKk[Ll>[^T`HIWEHG;C_V Ki]R]RQG;ORC]RORCHG8KiIWG;I	z#CHQLKk[Ll  j`HI'EHORG K<IW`HCHEHYZORG>[LGmaVG;Ix^nG;CHEHG>[
^T`HIWEHGip
q<KiQefXgEHG;]R]aVXVCAKicHIWYZG;ORIn]hKi`P[LG>[8
  4 %4:sZhZ
  
/4CB  ﬁﬀﬂﬃﬀ! " " #ﬁ$%ﬃ$Z
  
















^nXV|G;O %4:sZ!G;ORCHG CHORbdcw[L]RORCHG8KiIWG `HCHw[LORXVC EHG;IXVcHCPjKibdcHG.ORQx[8pqrORG 2mKiIWOhKi|H]RG;C
.).ﬃﬀ")" " " /).ﬃ$f|G;l;G;ORbdcHCHG;C 0 ^nG;Ov[LG;IWGefORG>[L\HIWG;ORQWEHG>[LG;IWYZORCKiCw[LG;C `HCHEEHG;I5rG;IWY 'ORQx[ EHORG
 [NjXVIxaiKiIWOhKi|H]RG#EHG;Q#efXgEHG;]R]RQ;pH#j`HItEHORGuq<Kk[LG;C1EHG;Q#e j`HCHbdcHCHG;IrefORG>[LQW\HORG;UVG;]RQ19 XﬁEŁG;Ix^TORG;QTQWORbdc1G;O o








pﬃHGF	p j`HIŁqrG>[dKiOR]RQ-Z pqrORG K<IW`HCHEHYZORG>[LGZ^TORIWEﬂ|G;O KicHIWYZG;ORIYZOv[  M KiQWORQoG>[W[LXVYZORG>[LG
|G;l;G;ORbdcHCHG>[8pqrG;Im^TORbdcw[LORUVG@MnG;Ov[LILKiUaVXVC1KicHIWYZG;ORI|G;Qx[LG;cw[TEKiIWORC_ G;ORC CHORbdcw[L]RORCHG8KiIWG;QtefXgEHG;]R] 
^nG;]RbdcHG;Q#EHG;C$`HQLKiYZYZG;CHcKiCHU l>^TORQWbdcHG;CEHG;I#G>[W[LXVYZORG>[LG<`HCHEfEHG;ITXVcHCPjKibdcHG|G;QWbdcHIWG;OR|P[8
l;`fQW\G;l;Ovl;ORG;IWG;Cf`HCHEfl;`fQWbdcjKk[Ll;G;C_p
/10d/ 46587 y	:* 5xx :#=5y	
A:* u wvA:<989mx7 yWx=%| }Wz?7  :




efORG>[L\HIWG;ORQ `HCHEEHG;IXVcHCPjKibdcHG$QWbdcH]hKiUVG;C ^TORI ORC EHORG;QWG;I z#IW|G;Ov[ G;ORC*agORG;Ix[LG;QfefXgEHG;]R]l;`HI
MnG;QWbdcHIWG;OR|H`HCHUEHG;Q`HQLKiYZYZG;CHcKiCHUVQ<l>^TORQWbdcHG;CEHG;YefORG>[L\HIWG;ORQ;yEHG;I<XVcHCPjKibdcHGZ`HCHEEHG;C
IWG;Qx[L]RORbdcHG;C efORG>[L\HIWG;ORQWEHG>[LG;IWYZORCKiCw[LG;CaVXVI; EKiQnG;ORCHG;CCHXgbdc cjXVcHG;IWG;C 	]RG MPOR|HOR]ROv[NjKk[LQWUVILKiEORCEHG;I
g\G;l;OvkKk[LORXVC EHG;I{K<IW`HCHEHYZORG>[LG<Ki`P ^nG;ORQx[8pHBDY K<G;UVG;CHQLKk[Llul;`fKicHIWYZG;ORIaVG;Ix^nG;CHEHG;C^TORInG;ORCHG
CHORbdcw[L\KiILKiYZG>[LIWORQWbdcHGrg\G;l;OvkKk[LORXVC  j`HImEHORG@K<IW`HCHEHYZORG>[LGip q<KiQQWG;YZOR\KiILKiYZG>[LIWORQWbdcHG#STG;UVIWG;QWQWO o
XVCHQWYZXgEHG;]R]Qx[LG;]R]v[nG;ORCHG{2G;ILKi]R]RUVG;YZG;ORCHG;IW`HCHUFKi]R]RG;I|G;kKiCHCw[LG;CfefXgEHG;]R]RGEKiI;gE_p c_pHKi]R]RGKiCHEHG;IWG;C
efXgEHG;]R]RG94]RORCHG8KiIWG;QrefXgEHG;]R] efXgEHG;]R]RGuaVXVCr|G;IWcHXiG;I#`HCHEAaVXVCKicHIWYZG;ORI-Z jXVCHCHG;CKi]RQrg\G o
l;OhKi]vWjKi]R]RGORCw[LG;IW\HIWG>[LORG;Ix[t^nG;IWEHG;C_p














/4CB  ﬁﬀﬂﬃﬀ! " " #ﬁ$"ﬃ$JZ
  
' 4 nPp EZ
B  
aVXVI;y^nXV|G;O p4:sZ<G;ORCHGZ|G;]RORG;|HORUf`HCHw[LORXVCEHG;IXVcHCPjKibdcHG|G;l;G;ORbdcHCHG>[8p	qrORG12mKiIWOhKi|H]RG;C
.).ﬃﬀ")" " " /).ﬃ$n|G;l;G;ORbdcHCHG;C80^nG;Ov[LG;IWGefORG>[L\HIWG;ORQWEHG>[LG;IWYZORCKiCw[LG;C_pVqrG;IWrG;IWY '#ORQx[EHORGt [NjXVIxaiKNo
IWOhKi|H]RGnEHG;QnefXgEHG;]R]RQ;iEHG;IKi]R]RGn`HCHQgQx[LG;YKk[LORQWbdcHG;C 7ORCPj`HQWQWGT|G;ORCHcKi]v[LG>[8pVqrORG;QWG;IefXgEHG;]R]hKiCHQLKk[Ll
|G;Qx[LG;cw[fKi`HQ l>^nG;Ous<XVYZ\XVCHG;Cw[LG;C_ qrORG7K<IW`HCHEHYZORG>[LGf^TORIWECHORbdcw[L\KiILKiYZG>[LIWORQWbdcYZXgEHG;]R]RORG;Ix[




efXgEHG;]R]RQnaVXVCfKicHIWYZG;ORI;pﬃMnG>aVXVITEHORGugbdcjKk[Ll;`HCHUEHG;QtQWG;YZOR\KiILKiYZG>[LIWORQWbdcHG;CfefXgEHG;]R]RQo4 nPp EZn|G o
cKiCHEHG;]v[^TORIWE_w^nG;IWEHG;C^TORImEHG;C g\G;l;OhKi]v Ki]R]PEHG;Q KiEHEHOv[LOvaVG;CZz#CHQLKk[Ll;G;Q ORCZG;ORCHG;I 7ORCP j`HcHIW`HCHUFORC
EHORG*rtcHG;XVIWORGuEHG;ITQWG;YZOR\KiILKiYZG>[LIWORQWbdcHG;CfSTG;UVIWG;QWQWORXVCHQWYZXgEHG;]R]RGr|G>[LILKibdcw[LG;C_p
/10  :* 5xx :#=5y	


















-.)" " " /)





















)ﬂﬁ B )" " " ﬂ)ﬃ) 4 nPp jYZ
^nXV|G;O 































)" " " ﬂ).ﬃ$2 "$

Zﬃ
	 ﬁ B )" " " ﬂ)ﬃ 
qrG;I 7ORCP`plEHG;I QgQx[LG;YKk[LORQWbdcHG;CfG;IW ]DjKiIWG;CHEHG;C 2mKiIWOhKi|H]RG;CORQx[tKiCHcKiCHE l>^nG;ORG;It`HCw[LG;IWQWbdcHORG;EH]RO o
bdcHG;I<g\G;l;OvkKk[LORXVCHG;C1YZXgEHG;]R]RORG;Ix[ ^nXVIWEHG;C_7ORCHGCHORbdcw[L\KiILKiYZG>[LIWORQWbdcHGFs<XVYZ\XVCHG;Cw[LGu|G;Qx[LG;cw[
ORCﬂG;ORCHG;IF`HC |G;kKiCHCw[LG;C IWG;G;]R]RG;Cﬂ`HCHEQx[LG>[LORUVG;C`HCHw[LORXVC  p4 





-.)" " " /)
VpqrORG\KiILKiYZG>[LIWORQWbdcHG s<XVYZ\XVCHG;Cw[LG `HY  Kﬁli[ KiCHcKiCHEG;ORCHG;I]RORCHG8KiIWG;C
g\G;l;OvkKk[LORXVCEHG;C7ORCP`plFEHG;IFj`H|HIWORUVG;CG;IW ]DjKiIWG;CHEHG;C92mKiIWOhKi|H]RG;C_pgqrORG ﬁo [LG@MnG;XV|Kibdcw[L`HCHUŁEHG;I









 4 .)" " " /) ﬁ$ZwORQx['G;ORCw4:0B#Z o,2G;w[LXVIaVXVCŁ`HC |G;kKiCHCw[LG;C













q<KiQefXgEHG;]R];4 nPp jYZkKiCHC`HYZUVG>XVIWYF[r^nG;IWEHG;C_yEKiYZOv[rG;QuCHORbdcw[uYZG;cHIrEHORIWG;w[<aVXVCEHG;I<`HC |G o
kKiCHCw[LG;CA`HCHw[LORXVC  p4GZtKi|HcjKiCHUi[8p	K<G;UVG;|G;C N4

.)" " " /)
ﬁﬀ







)" " " /)









)" " " /)"$

Z ]hKi`P[LG>[EHG;I










5#ﬃ>ZEHG;C|G;EHORCHUi[LG;C 7Ix^ KiIx[L`HCHUVQx^nG;Ix[LGnEHG;IG;IW ]DjKiIWG;CHEHG;Co2mKiIWOhKi|H]RG;C
 UVG;UVG;|G;C( 'ﬃ |G;l;G;ORbdcHCHG>[8pyqrORGg`H|P[LILKiw[LORXVCAEHG;QuKi`P |G;EHORCHUi[LG;C 7Ix^ KiIx[L`HCHUVQx^nG;Ix[LQ
aVXVC" Ki`P'|G;OREHG;CgG;Ov[LG;CfEHG;IK<]RG;ORbdc `HCHU\4 nPp jYZnG;IWUVOR|P[8
*)94





, 4 nPp IkZ
qrG;ItCjKibdcHQx[LGgbdcHIWOv[W[T|G>[LIWOF[tEHORGgbdcjKk[Ll;`HCHUZQWXV]RbdcHG;ITQWG;YZOR\KiILKiYZG>[LIWORQWbdcHG;C1STG;UVIWG;QWQWORXVCHQWYZXko













ﬃ>Z`HCHE j`HI 94% 

  ﬃ>ZORC K<]RG;ORbdc `HCHU4 nPp IkZkKiCHCEHG;I J	KiILKiYZG>[LG;IxaVG;w[LXVI

lip M#p	EH`HIWbdc
EHORGs<]RG;ORCHQx[LG or`KiEHILKk[LG oxefG>[LcHXgEHGuUVG;QWbdcjKk[Ll>[^nG;IWEHG;C_p_qrORG;QWG;Q#gbdcjKk[Ll;\HIWXV|H]RG;YQWG;YZOR\KiILKiYZG o
[LIWORQWbdcHG;ISTG;UVIWG;QWQWORXVCHQWYZXgEHG;]R]RG#^TORIWE1ORY CjKibdcHQx[LG;C$suKi\HOv[LG;]CjKicHG;IT|G>[LILKibdcw[LG>[8p























ORYKi]R]RUVG;YZG;ORCHG;C ^nG;IWEHG;CEHORG7K<IW`HCHEH]hKiUVG;CEHG;I CHORbdcw[L\KiILKiYZG>[LIWORQWbdcHG;Cs<G;IWCHQWbdcjKk[Ll;`HCHU |G o






[LG>[8pPq<KiIij`H|G;IncHORCKi`HQm^nG;IWEHG;C1EHORGrKiQgYZ\P[LXi[LORQWbdcHG;C7ORUVG;CHQWbdcKk [LG;C EHG;Q QWG;YZOR\KiILKiYZG>[LIWORQWbdcHG;C
gbdcjKk[Ll;G;IWQEHORQW `P[LORG;Ix[8pqrORG;QWG MnG;QWbdcHIWG;OR|H`HCHUEHG;I CHORbdcw[xo`HCHE*QWG;YZOR\KiILKiYZG>[LIWORQWbdcHG;C*gbdcjKk[Ll o
[LG;bdcHCHORiG;C Ki`PUVIW`HCHE6G;ORCHG;QAKiEHEHOv[LOvaVG;CefXgEHG;]R]RQ|HOR]REHG>[EHORG M KiQWORQ j`HIEHORGiXVYZ\H]RORl;ORG;Ix[LG;IWG



















qrORG1|G;EHORCHUi[LG;C 7Ix^ KiIx[L`HCHUVQx^nG;Ix[LG 94

  ﬃ>ZŁ`HCHE&94% 

  ﬃ>ZŁORCPK<]RG;ORbdc `HCHUP4 nPp IkZ
jXVCHCHG;CEH`HIWbdcG;ORCHG CHORbdcw[L\KiILKiYZG>[LIWORQWbdcHGefG>[LcHXgEHG*UVG;QWbdcjKk[Ll>[ﬂ^nG;IWEHG;C_pFz#`HQEHG;IfK<IW`H\go
\G EHG;ICHORbdcw[L\KiILKiYZG>[LIWORQWbdcHG;CefG>[LcHXgEHG;Cl;`HIqrORbdcw[LG;QWbdcjKk[Ll;`HCHU^TORIWE!j`H|H]RORbdcHG;Ix^nG;ORQWG EHG;I








  ZﬂG;ORCHG|G;]RORG;|HORUVG*|G;EHORCHUi[LG 7Ix^ KiIx[L`HCHUVQx^nG;Ix[W`HCHw[LORXVC_ ORC{EHG;I 4 &)
Z





B )" " " /)ﬃ	pqrORG;QWG<|G;EHORCHUi[LG 7Ix^ KiIx[L`HCHUVQx^nG;Ix[W`HCHw[LORXVC]hKi`P[LG>[
@































6YEHORG|G;EHORCHUi[LG 7Ix^ KiIx[L`HCHUVQx^nG;Ix[W`HCHw[LORXVC$l;`AQWbdcjKk[Ll;G;C_Yj`HQWQWG;C$gbdcjKk[Ll;G;I# j`HITEHORG`HC |G o
kKiCHCw[LGrUVG;YZG;ORCHQLKiYZGqrORbdcw[LG>`HCHw[LORXVC `HCHE EHORG#`HC |G;kKiCHCw[LG;CfSKiCHEHEHORbdcw[LG>`HCHw[LORXVCHG;C G;IWYZOv[xo
[LG;]v[t^nG;IWEHG;C_pq<Kk j`HItjXVCHCHG;CQWXVUVG;CKiCHCw[LGFs<G;IWCHQWbdcjKk[Ll;G;I|G;C `P[Ll>[^nG;IWEHG;C_p
MnG;OUVG;UVG;|G;CHG;C ﬃ1STG8Ki]RORQWORG;IW`HCHUVG;C  ﬂ)" " " /)
ﬀ






















) QPSR 4 EHp~}YZ

















































) 4 EHp nkZ
^nXV|G;O ﬃ*G;ORC B Po,2G;w[LXVI<aVXVCG;Ix[LG;CEHG;Io2mKiIWOhKi|H]RG;C 
-.)" " " /)
ORQx[8pyqrORGZeKk[LIWO M
 ORQx[
































































Z  C4Z  C4

ZhZ p

































































A C4ZB  B )
BDC$agORG;]RG;Cz#Cw^nG;CHEH`HCHUVG;CcKiCHEHG;]v[uG;Q<QWORbdc`HY G;ORCHG qrORbdcw[LG>`HCHw[LORXVC_p_#j`HI<QWXV]RbdcHG tjKi]R]RGFQWXV]R]
EHORGus<G;IWCP`HCHw[LORXVCKi`HbdcfEHORG 7ORUVG;CHQWbdcKk [EHG;IORbdcw[LCHG;UwKk[LOvagOv[NjKk[tG;Ix j`H]R]RG;C_p
qrORGfs<G;IWCP`HCHw[LORXVC QW\G;l;OvG;Ix[ |G;ORY.CHORbdcw[L\KiILKiYZG>[LIWORQWbdcHG;C s<G;IWCHEHORbdcw[LG;QWbdcjKk[Ll;G;I EHORG\K<I3jXYlVG
`HCHE EHORGwK<G>^TORbdcw[LG  j`HIŁEHORGWG;CHORUVG;C q<Kk[LG;CH\H`HCHw[LGiEHORG EHORG1#Kibdc |KiIWQWbdcKk [EHG;QZJ`HCHw[LG;Q 
|HOR]REHG;C_QWX$EKﬁl$EHORG CjKicHG;I|G;O*]RORG;UVG;CHEHG;Cq<Kk[LG;CH\H`HCHw[LG Qx[NjKiIWiG;I UVG>^TORbdcw[LG>[ QWORCHEKi]RQEHORG
q<Kk[LG;CH\H`HCHw[LGigEHORGT^nG;Ov[LG;ImaVXVC  G;Cw[WG;IWCw[ QWORCHE_pgBDCEHORG;QWG;Y gORCHCkKiCHCEHORG#s<G;IWCP`HCHw[LORXVC Ki]RQ
G;ORCHG K<G>^TORbdcw[L`HCHUVQx`HCHw[LORXVCfORCw[LG;IW\HIWG>[LORG;Ix[t^nG;IWEHG;C_p
qrORGnKiY cjKi`PUVQx[LG;CaVG;Ix^nG;CHEHG>[LG;Cs<G;IWCP`HCHw[LORXVCHG;CŁYZOv[	EHG;CŁXV|G;CG;Ix^FjKicHCw[LG;C>7ORUVG;CHQWbdcKk [LG;C
QWORCHEŁEHG;ISTG;bdcw[LG;bd iG;IWC_PEHG;I&7\KiCHG;bdcHCHORiX3awos<G;IWC_ EHG;IMnORQ  `KiIWG oq4 MnOv^nG;ORUVcw[xoyXgEHG;I r`KiIx[LORb o















4CBJX?>YIkZ j`HIuG;ORCHGZKi`HQx j`HcHIW]RO o
bdcHG;IWGJZ p
BDYJIWORCHl;OR\*ORQx[ EHORG1ﬂKicH]l>^TORQWbdcHG;CEHG;C*aVG;IWQWbdcHORG;EHG;CHG;Cs<G;IWCHG;CCHORbdcw[ G;Cw[LQWbdcHG;OREHG;CHE j`HI












4CBJXYX HYZ pB 	ﬃBVHEKﬁlŁ j`HITG;ORCHG;CfUVI3jXYlVG;IWG;Cq<Kk[LG;C `HY  KiCHU ﬃEHORGs<G;IWCHEHORbdcw[LG;QWbdcjKk[Ll;G;I#YZOv[























































		 46!	 ﬀ 
0!.ﬂ ﬀ /ﬁﬂ!;$!
BDY aVXVIWcHG;IWORUVG;C z#|HQWbdcHCHOv[W[ EHp~}gpB cKi|G;C^TORIUVG;QWG;cHG;C_EKﬁl$EHG;I s<G;IWCHQWbdcjKk[Ll;G;IZG;ORCHG;I|G;]RORG o
|HORUVG;C qrORbdcw[LG>`HCHw[LORXVC %4  ZFaVXVC EHG;Cq<Kk[LG;C_EHG;I s<G;IWCP`HCHw[LORXVC C `HCHE EHG;I5M KiCHEH|HIWG;Ov[LG
HKi|HcjKiCHUi[8pqrORG ﬂKicH]mEHG;IM KiCHEH|HIWG;Ov[LG H|G;G;ORCP`pli[EHORG gbdcjKk[Ll;`HCHU$Qx[NjKiIWiG;IŁKi]RQEHORGKi`HQo
UVG>^FjKicH]v[LGns<G;IWCP`HCHw[LORXVC_pkqrORG M KiCHEH|HIWG;Ov[LG:HFORQx[	G;ORCJ	KiILKiYZG>[LG;I;NEHG;I	EHORGqK<]DjKk[W[L`HCHUTEHG;Qs<G;IWCHQ
|G;Qx[LORYZYF[8 #j`HImG;ORCUVIWXYlVG;Q:H ORQx[nEHORG#gbdcjKk[Ll;`HCHUŁEHG;I qrORbdcw[LG>`HCHw[LORXVCQWG;cHInUV]hKk[W[8pwBDY K<G;UVG;Cgo
QLKk[LlTEKil;`_V Ki]R]RQ'EHG;ImJ	KiILKiYZG>[LG;IH  ]RG;ORC ORQx[8V\Kﬁli[QWORbdcZEHORGTUVG;QWbdcjKk[Ll>[LG#`HCHw[LORXVC Qx[NjKiIWiG;ImEHG;C
MnG;XV|Kibdcw[L`HCHUVG;CAKiC_p>4 `HItBD]R]R`HQx[LILKk[LORXVC QWORG;cHGulip M#pz#|H|HOR]REH`HCHURjgpBVp Z
7ORCHG KiCHEHG;IWG*ORIW `HCHU6EHG;I M KiCHEH|HIWG;Ov[LG H|G>[LIWOF[EHORG KiQgYZ\P[LXi[LORQWbdcHG 2G;Ix[LG;OR]R`HCHUEHG;Q
s<G;IWCHQWbdcjKk[Ll;G;IWQ ORC ORC |H]RORbdKi`PrEHORG\K<I3jXYlVG;C 2mKiIWOhKiCHl `HCHE 2G;IWl;G;IWIW`HCHUHnqrORG 2mKiIWOhKiCHl EHG;Q
s<G;IWCHQWbdcjKk[Ll;G;IWQQWORCHw[FYZOv[uEHG;Y G;Ix[aVXVC H_pBDYLK<G;UVG;CHQLKk[LlEKil;`CHORYZYF[uEHORG12G;IWl;G;IWIW`HCHU
YZOv[ EHG;Y G;Ix[ZaVXVC H*l;` 4QWORG;cHGfEHORGKiQgYZ\P[LXi[LORQWbdcHGw2G;Ix[LG;OR]R`HCHU 4 EHp >kZORY.CjKibdcHQx[LG;Cz#|go
QWbdcHCHOv[W[Z pq<KiILKi`HQ#G;IWUVOR|P[#QWORbdcAG;ORC!F rILKiEHG oDXﬁFﬃGl>^TORQWbdcHG;C$EHG;I2G;IWl;G;IWIW`HCHU `HCHEAEHG;I{2mKiIWOhKiCHl









4CBJX?>YIkZ VpkE HrKiC_ `HIgbdcjKk[Ll;`HCHUG;ORCHG;I
|G;]RORG;|HORUVG;C1qrORbdcw[LG>`HCHw[LORXVC %4Z ORQx[EHORG<XV\P[LORYKi]RG*M KiCHEH|HIWG;Ov[LG Hﬀ	EHG;IWG;CHORUVG<G;Ix[TaVXVC H_
EHG;IFEHG;CﬂYZOv[W[L]RG;IWG;CORCw[LG;UVIWORG;Ix[LG;C  `KiEHILKk[LORQWbdcHG;CG;cH]RG;I94 efB<Z54G;CHUV] pFxYZG8KiCORCw[LG;UVILKk[LG;E





G;IWUVOR|P[TEHORG;QWG;Qs<IWOv[LG;IWOR`HY EHORGuXV\P[LORYKi]RG@M KiCHEH|HIWG;Ov[LG H_EHORG<EH`HIWbdc
Hﬀ B  	YIŁYZORC 4 )(B  nﬁEZ ﬃ ﬁﬀ
ﬂ
4 EHp IkZ
















[LG;I  `KiCw[LOR]hKi|HQx[dKiCHE  EHG;I'qrORbdcw[LG>`HCHw[LORXVC %4ZQWORCHEAj`H|H]RORbdcHG;Ix^nG;ORQWG `HC |G;kKiCHCw[`HCHEYj`HQWQWG;C

























































H8 B  E 
E
Hﬀ )  )n ) )r}*) ) B ) 	 )oB )#} 4 EHp HYZ
aVXVCj`H|G;Io'`HCHE`HCw[LG;IWUV]DjKk[W[LG>[LG;C gbdcjKk[Ll;`HCHUVG;C EHG;InqrORbdcw[LG>`HCHw[LORXVC %4Z'aVXVIWUVG;QWbdcH]hKiUVG;C_pgz#Cgo
cKiCHEaVXVC$QWG;bdcHQraVG;IWQWbdcHORG;EHG;CHG;CUVG;QWbdcjKk[Ll>[LG;CM KiCHEH|HIWG;Ov[LG;C^TORIWEEHORGqrORbdcw[LG>`HCHw[LORXVC GF(4Z
G;Cw[LQW\HIWG;bdcHG;CHEﬂUVG;QWbdcjKk[Ll>[8pqrORG gG;CHQWOR|HOR]ROv[NjKk[#EHG;IuUVG;QWbdcjKk[Ll>[LG;CﬂqrORbdcw[LG>`HCHw[LORXVCORC3MnG;l;`HUKi`P
EHORGTaVG;IWQWbdcHORG;EHG;CHG;C\M KiCHEH|HIWG;Ov[LG;CkKiCHC Ki`PyG;ORCHG#G;ORCP KibdcHGz#Ix[j`H|G;IW\HIij`P [n^nG;IWEHG;C_Pz#`PUVIW`HCHE
EHG;QŁagORQW`HG;]R]RG;Cf2G;IWUV]RG;ORbdcHQŁEHG;IŁaVG;IWQWbdcHORG;EHG;CHG;CUVG;QWbdcjKk[Ll>[LG;C s<`HIxaVG;C ^TORIWE G;ORCHGwM KiCHEH|HIWG;Ov[LG
UVG>^FjKicH]v[8HEHORG<EHORGs<G;IWCP`HCHw[LORXVC1CHORbdcw[Zj`H|G;IWUV]DjKk[W[LG>[8p
7QA|G;Qx[LG;cHG;CCHXgbdcKiCHEHG;IWG efG>[LcHXgEHG;C6l;`HIﬂKicH]FEHG;I7M KiCHEH|HIWG;Ov[LGiT^TORGEHORGaVG;IWQWbdcHORG;EHG o
CHG;C 2G;IWQWORXVCHG;C1aVXVCfs<IWG;`Hl>aiKi]ROREHORG;IW`HCHUw4 s<]RG;ORCHQx[LG or`KiEHILKk[LGiHyORiG;]RORcHXgXgE`Z  EHORG*rG;Qx[xo K<ILKi\Hcgo
efG>[LcHXgEHGXgEHG;I EHORG$ORCw[LG;IWCHGgbdcjKk[Ll;`HCHU*EHG;I6CHIWG;UVG;]RYAjKﬁlVORUViG;Ov[ EHG;IfqrORbdcw[LG>`HCHw[LORXVC_ptqrORG



















		    %










4CBJXYXﬁEZ p$}ﬁn	YXkZcKi|G;C UVG;l;G;ORUi[8EKﬁl EHG;I
#KiEKiILK wKNo ﬂKk[LQWXVCgos<G;IWCHQWbdcjKk[Ll;G;I`HCw[LG;I|G;Qx[LORYZYF[LG;CSTG;UV`H]hKiIWOv[NjKk[LQW|G;EHORCHUV`HCHUVG;CFiXVCHQWORQx[LG;Cw[
`HCHEfKiQgYZ\P[LXi[LORQWbdc CHXVIWYKi]vaVG;Ix[LG;OR]v[nORQx[8pP#j`HI EHG;Cf#Kibdcw^nG;ORQTEHG;Its<XVCHQWORQx[LG;CHlr^TORIWE1KiCHUVG;CHXVYŁo











4Z  %4Zr`HCHE 
ﬀ
4ZrQx[LG>[LORUfQWORCHE`HCHE
%4Z 	Pp+6Cw[LG;I1EHG;I ^nG;Ov[LG;IWG;Cz#CHCKicHYZGi EKﬁlﬂ j`HI ﬃ )  H  HU4 ﬃZ ) 	`HCHE



































































































































! 7&)-ﬁﬂ	 !  !  /ﬁ1ﬃ$!;/ DﬂSﬀﬃﬂ&-0/ﬁ1 %S!.ﬂ& 
78-0/ﬁ9:3/ﬁ!;/


































BDY aVXVIWORUVG;Cz#|HQWbdcHCHOv[W[F^T`HIWEHG Ki`P EHORG 2G;IWl;G;IWIW`HCHUAEHG;Q#KiEKiILK wKNo ﬂKk[LQWXVCgos<G;IWCHQWbdcjKk[Ll;G;IWQ








EHG;IG;IWQx[LG;C z#|H]RG;Ov[L`HCHUrEHG;ISKiCHEHEHORbdcw[LG>`HCHw[LORXVC %4ZORQx[8k^ KiQORcHIWG;MnG;IWG;bdcHC `HCHUFiXVYZ\H]RORl;ORG;Ix[









4CBJXYXﬁEZ p}ﬁnﬃB#jYZm j`HITqrG>[dKiOR]RQ-Z p
7ORCfKi\H\HIWX8MPORYZORG;Ix[LG;QTKiQgYZ\P[LXi[LORQWbdcHG;Q\H`HCHw[D^nG;ORQWG;Q 4CB)%ZkB 		 os<XVCPEHG;CHl;ORCw[LG;IxaiKi]R] j`HI
































4Z 4 EHpB 	kZ
EHG>CHORG;Ix[8w^nXV|G;O"



























































7ﬀ/4 C3Z.  (C4 7ﬃZ
ﬀ
B 7  









































qrORGrKi\H\HIWX8MPORYZORG;Ix[LG;C KiQgYZ\P[LXi[LORQWbdcHG;C1\H`HCHw[D^nG;ORQWGs<XVCPEHG;CHl;ORCw[LG;IxaiKi]R]RG j`HInEHG;C1#KiEKiILK wKNo
ﬂKk[LQWXVCgos<G;IWCHQWbdcjKk[Ll;G;IQWORCHEcjKi`PUfQWG;cHIu|HIWG;Ov[u`HCHECHORbdcw[G MHKiw[8yE_p c_pyQWORG$j`H|G;IWEHG;bdiG;CﬂEHG;C




















Qx[dKk[LORQx[LORQWbdcHG;C BDCPG;IWG;CHlinEHORGfYZOv[  OR]vG aVXVCHnXVYZ\H`P[LG;IWC IWG;]hKk[LOvaG;ORCP Kibdc*l;` ORYZ\H]RG;YZG;Cw[LORG o
IWG;C ORQx[8pqrORGwK<IW`HCHEHOREHG;G EHORG;QWG;IefG>[LcHXgEHGf]hKi`P[LG>[8	z#`HQ G;ORCHG;I UVG;UVG;|G;CHG;C  [LORbdcH\HIWXV|G ^nG;Io
EHG;C YAjXVUV]RORbdcHQx[ agORG;]RG\MnXgXi[LQx[LILKi\gox [LORbdcH\HIWXV|G;C UVG;CHG;IWORG;Ix[8mKi`HQEHG;CHG;CWG>^nG;OR]RQG;ORCHG1 j`HIEKiQ
|G>[LILKibdcw[LG>[LG1JIWXV|H]RG;Y UVG;G;ORUVCHG>[LG JIij`PUVI3jXYlVG|G;IWG;bdcHCHG>[ ^TORIWE_p7ORCHG MnXgXi[LQx[LILKi\gox [LORbdcH\HIWXV|G












EHORGfKi`HQEHG;I 6IWQx[LORbdcH\HIWXV|GfEKiEH`HIWbdc UVG;CHG;IWORG;Ix[Z^TORIWE_EKﬁlEHORG;QWG;IZCKibdc*EHG;I efG>[LcHXgEHGYZOv[
`HIij`Hbd ]RG;UVG;Cﬃ 7]RG;YZG;Cw[LG G;Cw[LCHXVYZYZG;Cﬂ^nG;IWEHG;C_pqrORGl8KicH]RIWG;ORbdcHG;CMnXgXi[LQx[LILKi\gox [LORbdcH\HIWXV|G;C
]RORG>G;IWCKi`PyEHORG;QWG#z#Ix[nG;ORCHGG;YZ\HORIWORQWbdcHG 2G;Ix[LG;OR]R`HCHUEHG;I JIij`PUVI3jXYlVGi EHORGl;`HInBDCPG;IWG;CHl#|G;C `P[Ll>[





























































   






































































































































































4ZŁEKiQ4  V}YZ B 		 o|Hl>^upmEKiQ4CB )
















































































4CBJXYX	kZ pB 	ﬁEZ p
q<KFEHG;IT#KiEKiILK wKNo ﬂKk[LQWXVCgos<G;IWCHQWbdcjKk[Ll;G;I aVG;IWl;G;IWIx[ORQx[8gQWXV]R]v[LG#|G;OEHG;ITgbdcjKk[Ll;`HCHUŁaVXVCfs<XVCgo
EHG;CHl;ORCw[LG;IxaiKi]R]RG;C YZOv[W[LG;]RQqMnXgXi[LQx[LILKi\1EHORG2G;IWl;G;IWIW`HCHUZ|G;Iij`Hbd QWORbdcw[LORUi[t^nG;IWEHG;C_pqrORG<s<XVCwaVG;Io
UVG;CHl;UVG;QWbdcw^TORCHEHORUViG;Ov[nEHG;ImCKibdcEHG;I F r`KiCw[LOR]GkoxefG>[LcHXgEHGtUVG;QWbdcjKk[Ll>[LG;C MnXgXi[LQx[LILKi\goDBDCw[LG;IxaiKi]R]RG
kKiCHC G;|G;CP Ki]R]RQ CHXgbdc aVG;IW|G;QWQWG;Ix[^nG;IWEHG;C_pqMnG;OtEHG;I r`KiCw[LOR] oxefG>[LcHXgEHG UVG;cw[EHG;IG;cH]RG;IwBVp




















































































=>4CBJXYX?>kZ Vp B >YIkZ p


















































































= 4CBJXYX?>kZ pB >YIkZ p





































































=D4CBJXYX?>kZ PpB >kjYZhZ p

































4CBJXYX	kZhZ pHqrORG;QWG;It|G;Iij`Hbd QWORbdcw[LORUi[G;|G;CP Ki]R]RQ EHORG2G;IWl;G;IWIW`HCHUZEHG;I#gbdcjKk[Ll;G;I;













































































QWORCHE_	^nG;]RbdcHG1EHG;C MnG;XV|Kibdcw[L`HCHUVG;C `HCHE@WG>^nG;OR]RQŁEHORG ﬂKicHIWQWbdcHG;ORCH]RORbdcHiG;Ov[LQWYKiQWQWG3B l;`go






















YZOv[mEHG;C G;YZ\HORIWORQWbdcHG;C1efXVYZG;Cw[LG;C EHG;I STG;QWOREH`HG;C E'

EHG;QnUVG;QWbdcjKk[Ll>[LG;C1`HIWQW\HIij`HCHUV]RORbdcHG;C






























ﬂ/.ﬃ  ﬂ6%)*&(  6ﬃ &(ﬀﬃ XA? 6)*&*+-ﬂ&3ﬂﬃ &*ﬂ?)('-ﬀ'_ﬃ! 0:*ﬂ&;$#< ﬂﬃ!0:1)*&*+(]1ﬀﬃ >ﬀﬃ D$#)*&(ﬀ<!'+-#ﬀﬂ$#-< 
ﬀﬂ&*ﬂ& =1ﬂ,?ﬃ -&ﬀ8 "ﬂ< < G/.ﬃ @4? 6ﬃ ﬃ E-ﬁXA? 6)*&*+
ﬃﬂ  

ﬃ! "!6+--<!ﬀﬂ&*#")*ﬁ ﬁ ﬂ$ﬀ8+-ﬂ&('&*&?G5=1ﬃ ﬂ:*9ﬃ%'& W('*)

























 ﬁ+ B )" " " ﬂ)ﬃﬂEHG>CHORG;IWG;C_p_qrORG;QWG;Q2G;Ix KicHIWG;C$^TORIWE uoxeKi]^TORG;EHG;IWcHXV]v[8QWX EKﬁl G;ORCHGz#Cgo









M3 B )" " " /) ﬁl;`HIgbdcjKk[Ll;`HCHUl;`HIW2G;Ix j`HUV`HCHU
Qx[LG;cHG;C_p




 ﬁ  B )" " " /)ﬃ	ŁUVG;CHG;IWORG;Ix[ ^nG;IWEHG;C_p5MnG;ORY FxCKiOvaVG;C G MnXgXi[LQx[LILKi\{ORQx[WG;EHG;Q
MnXgXi[LQx[LILKi\goSTG;QWOREH`H`HY l;`PWjKi]R]RORUFKi`HQ EHG;I 2G;Ix[LG;OR]R`HCHUEHG;ItSTG;QWOREH`HG;C1EHG;QtUVG;QWbdcjKk[Ll>[LG;CefXgEHG;]R]RQ
















gbdcjKk[Ll;G;I aVG;IWQx[LG;cw[YKiC EHG;C#WG;CHORUVG;C gbdcjKk[Ll;G;I;EHG;IZKi`P#G;ORCHG;I UVI3jXYlVG;IWG;C M KiCHEH|HIWG;Ov[LG Ki]RQ



















^TORIWEEKiQ2XVIWUVG;cHG;C^TORG |G;ORY FxCKiOvaVG;C G3MnXgXi[LQx[LILKi\
EH`HIWbdcHUVG> j`HcHIx[8p
A0d/  






QWG;YZOR\KiILKiYZG>[LIWORQWbdcHG;C efXgEHG;]R]RQ\4 nPp jYZCjKicHG;IZ|G>[LILKibdcw[LG;C_pnq<Ki|G;Ot^TORIWE `HCw[LG;IWQx[LG;]R]v[8EKﬁlEHORG































-ﬂ-ﬂ./ﬀﬃﬂ05 ﬀ   










  Z    F  UVG;UVG;|G;C_Tlip M#pTEHORGQWXVUVG;CKiCHCw[LG;C
#KiEKiILK wKNo ﬂKk[LQWXVCgoxgbdcjKk[Ll;G;IR4QWORG;cHGz#|HQWbdcHCHOv[W[oEHp~}YZ p  ORG;I#ORQx[  F G;ORCHG F K<G>^TORbdcw[L`HCHUVQWYKNo


















 j`HI   B )" " " ﬂ).0 `HCHE ﬁ B )" " " /)ﬃ	p
#KibdcfEHG;Y 7ORCHQWG>[Ll;G;CfEHORG;QWG;I#gbdcjKk[Ll;G;I]hKi`P[LG>[TEHORG K<]RG;ORbdc `HCHU\4 nPp IkZ 





  4  )  F/Z`HCHE( 


























 4 EHpB >kZ

	 	 46! ﬀﬃ%
 ($3ﬃ%&ﬁ! !.ﬂ&$!; 











ORQx[8pFqrORG;QWG STG;UV`H]hKiIWOv[NjKk[LQW|G;EHORCHUV`HCHUVG;CORYZ\H]RORl;ORG;IWG;C l;`HCjKibdcHQx[8EKﬁl6EHORG s<X3aiKiIWOhKiCHl;YKk[LIWO M




















































































qrORG ORC 4 EHpBJXkZKiCHUVG;UVG;|G;CHG 2mKiIWOhKiCHl os<X3aiKiIWOhKiCHl oxeKk[LIWO M72mKiIJ4
















































4  )  F/Z  

ﬁZ
) 4 EHp~} 	kZ
YZOv[2ﬂ &$) E d4Z)  

8^nXV|G;O E ﬃ4ZyG;ORCHGCHORbdcw[L\KiILKiYZG>[LIWORQWbdcHG gbdcjKk[Ll;`HCHUrEHG;I`HC |G;kKiCHCw[LG;C































BDY G;CHCHG;I aVXVC 4 EHp~} 	kZ|G;l;G;ORbdcHCHG>[































G;Cw[LQW\HIWORbdcw[kpqrORGueKk[LIWO M  <ORQx[TEHORGR4 ﬃ  ﬃZ oDBDEHG;Cw[LOv[NjKk[LQWYKk[LIWO Mp
qrORG;QtUVOR]v[  j`HITEHG;CG;ORCP KibdcHG;IWG;CAKiEHEHOv[LOvaVG;CfKi]R] pPBDY K<G;UVG;CHQLKk[LlEKil;`ORQx[T`HCHQWG;IrefXgEHG;]R]s4 nPp EZ
Y`H]v[LOR\H]RORkKk[LOvapqrG;Qx^nG;UVG;CY`plG;ORC KiCHEHG;IWG;I G;UUVG>`HCHEHG;C*^nG;IWEHG;C_m`HY+EHORGfKiQgYZ\P[LXi[LO o
QWbdcHG2G;Ix[LG;OR]R`HCHU EHG;QfQWG;YZOR\KiILKiYZG>[LIWORQWbdcHG;CgbdcjKk[Ll;G;IWQcHG;IWl;`H]RG;Ov[LG;C_pTqrORG;QWG;I G;U ^TORIWEORY
CjKibdcHQx[LG;C*suKi\HOv[LG;]n|G;QWbdcHIWOv[W[LG;C_'^nXV|G;OtKiCHcKiCHE G;ORCHG;Q q<Kk[LG;CHQLKk[Ll;G;Q EHG;IZ [dKiEP[Zq<KiIWYZQx[dKiEP[
 &87 '_ﬃ ﬂﬂ&9 "'_ﬃ -&ﬂ+-ﬃ 2ﬀ 6ﬃ!0: ﬀﬃ .'_  7 '_ﬃ 	;'&*:('&(;ﬀﬂ @*-+-&*? "ﬃ ﬂﬃ ﬂ6ﬂ&# ﬂ6




































# CFE1+-<HG21 K + +*N4365MQ/'(7+*K8WN C"YZ-Zﬃ91\]
=MG([;:?\G
<
/.ﬃ  6 :&.%ﬂ&(ﬀ)*&*+Dﬃ ﬁ>=':*ﬁ ﬂ& E--&@?>ﬂ&( 0:( 0:A'_ﬂ)*&*+-ﬂ&85F-< +*'- E--&A1 K + +*N4365MQ/'(7+*K8WN C"YZ-Zﬃ91\]
=MGCB-Z*]VE--+- 0:*<!'+-ﬂ&*ED -+-ﬂ:*ﬂ& ﬂ)* =ﬀ0:A'_ﬂ)*&*+ ﬀﬂE=  6ﬃ!ﬀ)('< E_'ﬃ!'&* ﬂﬃ &* E= ﬂ+-  6ﬃ -&( 6ﬁ ﬀﬀﬂ< <! ﬂG /#'24ﬂﬃ




















(*)  - % 	ﬃ  % ﬀﬁﬂ(*)
 ﬃ.-ﬂ   , !"ﬀ#ﬃ$%% #"ﬃ#&
' 032 46587$9;:<5>=?$7A@
BDCFEHORG;QWG;Y suKi\HOv[LG;]w^TORIWEFKi`PEHORG gbdcjKk[Ll;`HCHUrEHG;Q	ORCFsuKi\HOv[LG;](nTaVXVIWUVG;QWbdcH]hKiUVG;CHG;CQWG;YZOR\KiILKiYZG o
[LIWORQWbdcHG;C efXgEHG;]R]RQ j`HInSTG;UVIWG;QWQWORXVCHQWYZORG>[LQW\HORG;UVG;]G;ORCHUVG;UwKiCHUVG;C_p #Kibdc G;ORCHG;IUVG;G;ORUVCHG>[LG;C5rILKiCHQo
XVIWYKk[LORXVC$EHG;QŁefXgEHG;]R]RQr^nG;IWEHG;Cl;`HG;IWQx[FEHORGZ|G;EHORCHUi[LG;C 7Ix^ KiIx[L`HCHUVQx^nG;Ix[LG EHG;IFG>[W[LXVYZORG>[LG
`HCHEEHG;IFefORG>[L\HIWG;ORQWEHG>[LG;IWYZORCKiCw[LG;C_yEHORG Ki`PUVIW`HCHEEHG;IorILKiCHQxXVIWYKk[LORXVC$ORY efXgEHG;]R]Ki`P [LIWG o
[LG;C_kYZOv[  OR]vGEHG;Q'CHORbdcw[L\KiILKiYZG>[LIWORQWbdcHG;CŁ#KiEKiILK wKNo ﬂKk[LQWXVCgos<G;IWCHQWbdcjKk[Ll;G;IWQUVG;QWbdcjKk[Ll>[8pVqrORG o
QWGuUVG;QWbdcjKk[Ll>[LG;C7Ix^ KiIx[L`HCHUVQx^nG;Ix[W`HCHw[LORXVCHG;C^nG;IWEHG;C1XV]RUVG;CHE ORC EKiQ [LILKiCHQxXVIWYZORG;Ix[LGuefXgEHG;]
G;ORCHUVG;QWG>[Ll>[8gQWXFEKﬁlFEHG;In\KiILKiYZG>[LIWORQWbdcHG{rG;OR]EHG;QtefXgEHG;]R]RQmYZOv[W[LG;]RQEHG;ImCHORbdcw[L]RORCHG8KiIWG#s<]RG;ORCHQx[LG o
r`KiEHILKk[LG oxefG>[LcHXgEHGuUVG;QWbdcjKk[Ll>[^nG;IWEHG;CkKiCHC_p
q<K6ORY SKicHYZG;CaVXVC QWG;YZOR\KiILKiYZG>[LIWORQWbdcHG;C STG;UVIWG;QWQWORXVCHQWYZXgEHG;]R]RG;CG;ORC QWXV]RbdcHG;Q*KiEHEHOv[LOvawo
Y`H]v[LOR\H]RORkKk[LOvaVG;QefXgEHG;]R]m^nG;CHORU|G;kKiCHCw[ ORQx[8	^TORIWEEHORGfefXgEHG;]R]RQWbdcjKk[Ll;`HCHUcHORG;I Ki`HQx j`HcHIW]RORbdc
|G>[LILKibdcw[LG>[8p_q<KiIij`H|G;I#cHORCKi`HQ^nG;IWEHG;CgORUVCHOvkKiCHl>[LG;Qx[LQ#EH`HIWbdcHUVG> j`HcHIx[u`HCHE$s<XVCPEHG;CHl;ORCw[LG;Io
aiKi]R]RGrQWX3^nXVcH]y j`HItEHORG K<IW`HCHEHYZORG>[LGuKi]RQTKi`Hbdc1 j`HITEHORGuG>[W[LXVYZORG>[LG<G;IWYZOv[W[LG;]v[8p






























' 0t   :7$5>=5Z7 Z7 u 5;:#=7:<5y%vA:#=':*D 587x7 =':<7
BDCﬂEHORG;QWG;Yz#|HQWbdcHCHOv[W[F^nG;IWEHG;CEHORG ^TORbdcw[LORUVQx[LG;C efG;IW YKi]RGKi`PUVG> j`HcHIx[8EHORGKi]RQG;IW ]DjKiIWG;CHEHG






efORG>[LcjXVcHG;UVG;QWG>[Ll;G;Q94 e  @K Z#aVXVCBJX H/E aVXVIWUVG;UVG;|G;C_p_ORGŁORC$EHG;IFWXVIx[LQWbdcHIWG;OR|H`HCHU1EHG;I  ORCgo
^nG;ORQWG j`HIEHORGTz#`PQx[LG;]R]R`HCHUuaVXVC1efORG>[LQW\HORG;UVG;]RC GuEHG;QqMn`HCHEHG;QWYZORCHORQx[LG;IWOR`HY j`HInSKi`HYZXVIWEHC `HCHUH















4CBJX?>	kZ pUBJI HYZ QWORCHEEHORGEHXVIx[#UVG;UVG;|G;CHG;C  ORCw^nG;ORQWGFC `HI#Ki]RQ#yG;Ov[L]RORCHORG;C l;`aVG;IWQx[LG;cHG;C_pyqrG;I















C `HCHUH3E_p c_pFxEHORGsK<IW`HCHEPjKibdcHGmEHG;ISFjKi`HYZGi8EHORGKi`HQWQWbdcH]RORGmlV]RORbdcul;`HIyXVcHC `HCHUUVG;cjXVIWG;C GHp
}gp
ﬃﬂ
qrORG;QWG;Q 2G;IWUV]RG;ORbdcHQWYZG;IW YKi]1|G;l;ORG;cw[QWORbdcORCHQW|G;QWXVCHEHG;IWGKi`PEHORG K<G;|jKi`HEHG o








 )mqrORG;QWG;Q efG;IW YKi]T`HY  Kﬁli[ G;ORCHGw2rORG;]Rl8KicH] aVXVC 2mKiIWOhKi|H]RG;C 4lip M#p  G;O o
l;`HCHUVQLKiIx[8Fs j`HbdcHGi rIWG;CHC `HCHUﬁaVXVCNM KiE`HCHE rXVOR]RG>[W[LGi<z#`Pl;`HUH M Ki]RiXVC_uz#Ix[ﬂEHG;I







^TORbdcw[LORUVQx[LG;C z#`HQWQx[dKk[W[L`HCHUVQWYZG;IW YKi]RGCHXi[D^nG;CHEHORUHp 7Q^TORIWEG;YZ\PXVcH]RG;C_wEKiQ





XVcHC `HCHUVG;CYZOv[ M KiE1XgEHG;Iqr`HQWbdcHILKi`HY `HCHEfYZOv[PKiYZYZG;]RcHG;ORl;`HCHU

XVcHC `HCHUVG;CYZOv[ M KiE1XgEHG;Iqr`HQWbdcHILKi`HY XgEHG;I#PKiYZYZG;]RcHG;ORl;`HCHU






gqrORG;QWG;Q efG;IW YKi]bdcKiILKiw[LG;IWORQWORG;Ix[ M Ki`w^nG;ORQWGiH`HQWbdcHCHOv[W[n`HCHE |Ki`H]RO o
bdcHG;C `HQx[dKiCHE 4 7IWcKi]v[L`HCHUVl;`HQx[dKiCHEEHG;QK<G;|jKi`HEHG;Q|Hl>^upkEHG;IXVcHC `HCHUZ pkqrORG;QWG;Q'efG;IWVo
YKi]ORQx[rQWbdcw^TORG;IWORU l;`$XV\G;ILKk[LORXVCKi]RORQWORG;IWG;C_pqrG;QWcKi]R|^TORIWEAG;QrcjKi`PU EH`HIWbdc$EKiQuefG;IWVo
YKi]UM Ki`#LKicHIG;IWQWG>[Ll>[8EHG;CHC7M Ki`w^nG;ORQWG`HCHE$`HQWbdcHCHOv[W[rcjKiCHUVG;CXi [aVXVY M Ki`#LKicHIKi|_p
q<KiQŁEHG;`P[LQWbdcHGMn`HCHEHG;QWYZORCHORQx[LG;IWOR`HY  j`HIZSKi`HYZXVIWEHC `HCHUHM Ki`w^nG;QWG;C`HCHE  [NjKiEP[LG;|Ki`
4 q*M S{MtpZnG;YZ\PG;cH]v[Tlip M#pEHORGrXV]RUVG;CHEHG;Cfz#]v[LG;IWQWUVIW`H\H\HORG;IW`HCHUVG;C_




















 ORG;IWl;` YKibdcw[ZEKiQZq*M S{Mtﬂl>^nG;OTz#CHYZG;IW `HCHUVG;C_ 7IWQx[LG;CHQZjXVCHCHG;C7ij`HCHUVG;IWG1CHG;`HUVG o
|Ki`P[LG XVcHC `HCHUVG;C ORCG;CHUVG;IWGwM Ki`Ki]v[LG;IWQWUVIW`H\H\G;C l;`HQLKiYZYZG;CHUVG> Kﬁli[^nG;IWEHG;C_EKiYZOv[
l;`AUVIWXYlVGŁefORG>[LQW\KiCHCHG;CAaVG;IWYZORG;EHG;C^nG;IWEHG;CjXVCHCHG;C_py^nG;Ov[LG;CHQrkKiCHCAG;ORCHGFIWG;CHX3agORG;Ix[LG
XVcHC `HCHUZG;ORCHG;IWij`HCHUVG;IWG;C\M Ki`Ki]v[LG;IWQW ]hKiQWQWGul;`HUVG;XVIWEHCHG>[T^nG;IWEHG;C_p
jgp    ﬀtqrORGf^TORbdcw[LORUVG;CefG;IW YKi]RGEHG;I1KiUVG  `Ki]ROv[NjKk[QWORCHEEHORGWG;CHORUVG;C_mEHORGAEHORG 6YŁo
UVG;|H`HCHU*EHG;I1XVcHC `HCHU*|G>[LIWGFG;C_T^TORGlip M#pIW`HcHORUVGKiUVGi aVG;IWiG;cHIWQWU_j`HCHQx[LORUVGKiUVGi
jKicHG l;` K<G;QWbdcjKk [LQWl;G;Cw[LIWG;C_mUVG;IWORCHUVG BDYZYZORQWQWORXVCHG;C_	Qx[dKiIWiG;I12G;IWiG;cHI;sMnG;G;ORCw[LI3jKibdcw[LO o
UV`HCHUuEHG;QXVcHCHG;CHQEH`HIWbdc  #KiCHEP^nG;IW Qo'`HCHE9K<G>^nG;IW|G;|G>[LIWORG;|Gi EKiQmG;cH]RG;CŁaVXVCIWG;O o
`HCHEK<Iij`HCPjKibdcHG;C_p
BDY!XV]RUVG;CHE^nG;IWEHG;CEHORG 2mKiIWOhKi|H]RG;CAKi`PUVG;]RORQx[LG>[8EHORG WG;EHG;QuefG;IW YKi]	iG;CHCHl;G;ORbdcHCHG;C`HCHEKi]RQ





























































EKiQ K<G;|jKi`HEHGrORQx[tG;ORC-7ORCgodH^nG;O odPqrIWG;O odHefG;cHIx KiYZOR]RORG;CHcKi`HQ@4 nsuKk[LG o


























z#Ix[	EHG;IXVcHC `HCHUH 7ORCH]RORG;UVG;Ix^nXVcHC `HCHUHNiXVYZ\H]RG>[W[LG7'[dKiUVG;Cw^nXVcgo




































qrORG#XVcHC `HCHUcKk[TUVG> KiCHUVG;CHGSFjKi`HYZGR4EH`HYZY pZ p
Gﬁ. 
qrORGrXVcHC `HCHUZcKk[G;ORCHGrXVcHCHEHORG;]RGR4 	]R`HI YZOv[TG;CHQx[LG;I-Zo4EH`HYZY pZ p
 Y Yﬁ0 








































7QTUVOR|P[Tl>^nG;OXgEHG;ItYZG;cHI M Ki]RiXVCHGidrG;IWILKiQWQWG;C`HQx^upW4EH`HYZY pZ p























qrORGMn]RORbd IWORbdcw[L`HCHUFEHG;Q;M Ki]RiXVCHQ@4XgEHG;InEHG;I rG;IWILKiQWQWGJZm]RORG;Ui[ml;`1 [LILKﬁlVGi






























BDC*^nG;]RbdcHG;Y~K<G;QWbdcHXYlﬂ]RORG;Ui[ EHORG1XVcHC `HCHU f4 >suKk[LG;UVXVIWORG;C_&6Cw[LG;IWUVG o




























qrORIWG;w[ KiY ﬂKi]RE`i KiC #KicHG;IWcHXV]R`HCHUVQWUVG;|HORG>[ UVG;]RG;UVG;C XgEHG;I










qrORIWG;w[ KiC  [LILKﬁlVG;C |KicHCgo iﬁMn`HQWcKi]v[LG;Qx[LG;]R]RG XgEHG;I  [LILKﬁlVG;C |KicHCgo




2XVIWcKiCHEHG;CHQWG;ORCŁaVXVCRK<G;QWbdcjKk [LGtEHG;Q `HIWl>IWORQx[LORUVG;C MnG;EKiIxQ 4lip M#pwyG o
|G;CHQWYZOv[W[LG;]RUVG;QWbdcjKk [8UM<jKibdiG;IWG;O 	efG>[Ll;UVG;IWG;OZ EHG;QYZOv[W[LG;]vIWORQx[LORUVG;C7MnG;EKiIxQ94lip M#p
z#\Xi[LcHG;iGi'gbdc `HcHGi%MnG; ]RG;OREH`HCHUZ<XgEHG;IEHG;QF]hKiCHUiIWORQx[LORUVG;C3MnG;EKiIxQ94lip M#p7]RG;Vo




6CHl;`HIWG;ORbdcHG;CHEHGuCjKibdcw[L]RORbdcHGoMnG;]RG;`Hbdcw[L`HCHU EHG;Q XVcHCwagORG;Ix[LG;]RQo4EH`HYZY pZ p
 
0(




























[LXVQTG;ORCHUVG;G;CHUi[ 4EH`HYZY pZ p
 / 







mjKiIWY |G;O EHG;IŁBDCHEH`HQx[LIWORGaVG;IW`HIWQLKibdcw[74 n$suKk[LG;UVXVIWORG;C_7Q UVOR|P[iG;ORCHG
BDCHEH`HQx[LIWORG ou`HCHE K<G>^nG;IW|G;|G;]hKiQx[L`HCHUHiG;ORCHG;C MnG>[LIWORG;| ORC`HCHYZOv[W[LG;]R|KiIWG;IF#Kibdcgo
|KiIWQWbdcKk [8Ki|G;I{MnG;]hKiQx[L`HCHU aVXVIWcKiCHEHG;C`HCHE|G;]hKiQx[LG;CHEHG;IMnG>[LIWORG;|fORC1`HCHYZOv[W[LG;] o




































jKiQWbdcHG>[LIWXgbdiG;CHILKi`HY C `P[Ll;|KiI 4G>a [L] pﬂKi`Hbdc+Ki`PEHG;Y q<Kibdc |Xko
EHG;C`iVg\G;ORbdcHG;I-Z 4EH`HYZY pZ p
 
'
 -	 ! 
jKiQWbdcHG>[LIWXgbdiG;CH\H]hKk[LlFC `P[Ll;|KiI4EH`HYZY pZ p
)
k k 

























gbdcw^TORYZY|KiEfC `P[Ll;|KiI 4EH`HYZY pZ p
 Y	. 	 ! 
s<ORCHEHG;IWQW\HORG;]R\H]hKk[Ll#C `P[Ll;|KiI4EH`HYZY pZ p

'
 	 ! 




































KuKiIx[LG;C |G;C `P[Ll;`HCHUORCefORG>[WaVG;Ix[LILKiUZG;ORCHUVG;QWbdcH]RXVQWQWG;Cf4 n suKk[LG;UVXVIWORG;C_Ki] o















Ki`P<EHORGfiXVYZ\H]RG MPG;CKiw[LXVIWG;C Ki`PuEHG;CgG;Ov[LG;C Xw}7F	pmcHORCHUVG>^TORG;QWG;C_mEHORGfG;ORCHG;C*EHG;`P[L]RORbdcHG;C
j
6|G;IW|H]RORbdUVG;|G;C_p
' 0d/  Lx=':<7 :*v$? =5Z7 ?$7 v  589v$?$7A@ Z7   R $9;:f:<7
u 5;:#=7:<5y%vA:#=':*D 587x7 =':<7
#j`HI#EHORGgbdcjKk[Ll;`HCHU1G;ORCHG;QrSTG;UVIWG;QWQWORXVCHQWYZORG>[LQW\HORG;UVG;]RQ#Y`plG;Cw[LQWbdcHORG;EHG;C$^nG;IWEHG;C_^nG;]RbdcHG STG o
UVIWG;QWQWXVIWG;CORCﬁEKiQefXgEHG;]R]FKi`Pl;`HCHG;cHYZG;CQWORCHE_p#z#`PUVIW`HCHE6EHG;IAaVXVIWcKiCHEHG;CHG;C q<Kk[LG;CKi`HQ
q<KiIWYZQx[dKiEP[ BJXYXﬁEiﬁXkjŁQx[LG;cw[<G;ORCHG 2rORG;]v Ki]v[taVXVC\2mKiIWOhKi|H]RG;Cl;`HI{2G;Ix j`HUV`HCHUH^nG;]RbdcHGEHORGXVcgo
C `HCHUVQWG;ORUVG;CHQWbdcKk [LG;CŁ|G>[LIWGFG;C_p 6Y6EHORG;QWGm`HY  KiCHUVIWG;ORbdcHGn_KicH]waVXVC 2mKiIWOhKi|H]RG;Cul;`FIWG;EH`Hl;ORG;IWG;C_
EHORG[LG;OR]v^nG;ORQWG#EHORG#UV]RG;ORbdcHG#BDCPXVIWYKk[LORXVC|G;G;ORCHcKi]v[LG;C_ ^TORIWEaVXVI EHG;ITgbdcjKk[Ll;`HCHU EHG;QTSTG;UVIWG;QWQWO o
XVCHQWYZXgEHG;]R]RQ;iG;ORCHGKiw[LXVIWG;CKiCKi] gQWGTEH`HIWbdcHUVG> j`HcHIx[8pgq<Ki|G;OP^nG;IWEHG;CaVXVCHG;ORCKiCHEHG;Im`HCKi|HcjKiCHUVO o
UVGuiXVYZ\H]RG MPG@2mKiIWOhKi|H]RG;C4EHORGKiw[LXVIWG;C`ZniXVCHQx[LIW`HORG;Ix[8p
qrORG Kiw[LXVIWG;CKiCKi] gQWG4 gz*Zu^TORIWE cHORG;IŁKiCHUVG>^nG;CHEHG>[8`HY EHORG1qrORYZG;CHQWORXVCKi]ROv[NjKk[uEHG;IZq<Kk[LG;C
l;`ﬂaVG;IWIWORCHUVG;IWC_'qrORGZUVIWXYlVG efG;CHUVG aVXVC|G;XV|Kibdcw[L|KiIWG;Cf2mKiIWOhKi|H]RG;CORCﬂEHG;Y q<Kk[LG;CHQLKk[Ll Ki`HQ
q<KiIWYZQx[dKiEP[\4CBYB >$^TORG1^nG;Ov[LG;IZXV|G;C Ki`PUVG;]RORQx[LG>[Ł^T`HIWEHGJZŁ^TORIWE EKiYZOv[ZKi`P<YAjXVUV]RORbdcHQx[Ł^nG;CHO o
UVG c g\Xi[LcHG>[LORQWbdcHG 2mKiIWOhKi|H]RG;CH4 Kiw[LXVIWG;C`ZIWG;EH`Hl;ORG;Ix[8p	BDC EHORG;QWG;Y gORCHCcKiCHEHG;]v[G;QŁQWORbdc `HY
G;ORC EHG;QW IWOR\P[LOvaVG;Q 2G;Ix KicHIWG;C*l;`HIZq<Kk[LG;CHIWG;EH`Hw[LORXVC_pq<KiIij`H|G;I cHORCKi`HQŁcHOR]v [ŁEHORG1gz!|G;OtEHG;I
z#CKi] gQWG#aVXVC iXVYZ\H]RG MPG;CfefG;IW YKi]RG;C_pHeKiC |G>[LILKibdcw[LG>[Tlip M#pPEKiQ iXVYZ\H]RG MPG<efG;IW YKi]z#`HQo

















lip M#py|G;lPj`HUV]RORbdcEHG;Is j`HbdcHGiyEHG;I<aVG;IWQWbdcHORG;EHG;CHG;C ORYZYZG;I;aVXVC M KiE`HCHErXVOR]RG>[W[LGi 7ORCHIWORbdcgo
[L`HCHUVQWG;]RG;YZG;Cw[LGŁ^TORG `plV|jXVEHG;C_ 2G;IWUV]hKiQW`HCHUH  G;ORl;`HCHUVQLKiIx[`HQx^up_G;CHCKi]R]RG 2mKiIWOhKi|H]RG;C_EHORG
G;ORCHG;CZQW\G;l;OvQWbdcHG;CGK<G;UVG;CHQx[dKiCHE|G>[LIWGFG;C74lip M#p EHORGs j`HbdcHGJZKi]RQ K<IW`H\H\GKiCKi] gQWORG;Ix[^nG;IWEHG;C
jXVCHCHG;Cﬂ`HCHEﬂl;`ﬂG;ORCHG;Y|G;Qx[LORYZYF[LG;CKiw[LXVIl;`HQLKiYZYZG;CHUVG> Kﬁli[u^nG;IWEHG;C_	kKiCHCﬂEHG;I 7ORCP`pl
|G;Qx[LORYZYF[LG;ITefG;IW YKi]RGuEHG;`P[L]RORbdcHG;ItOREHG;Cw[LOvl;ORG;Ix[t^nG;IWEHG;C_p
BDYCjKibdcHQx[LG;Cz#|HQWbdcHCHOv[W[^TORIWE EHORGTKiw[LXVIWG;CKiCKi] gQWG aVXVIWUVG;Qx[LG;]R]v[8p `HCjKibdcHQx[^TORIWE EKiQnefXgEHG;]R]
EHG;InKiw[LXVIWG;CKiCKi] gQWGEHG>CHORG;Ix[n`HCHE `HIWl#|G;QWbdcHIWORG;|G;C_pgz#CHQWbdcH]RORGmlVG;CHEZ^nG;IWEHG;C l>^nG;O_gbdcjKk[Ll o
aVG;Ix KicHIWG;CŁ j`HI	EHORG J	KiILKiYZG>[LG;I'EHG;QefXgEHG;]R]RQ'KiCHUVG;UVG;|G;C_pVq<KiCHCF^TORIWEŁEHORG STXi[dKk[LORXVCEHG;IKiw[LXko
IWG;CF`HCHEORcHIWGmSTXV]R]RG|G;OwEHG;IBDCw[LG;IW\HIWG>[dKk[LORXVCEHG;I	Kiw[LXVIWG;C|G;cKiCHEHG;]v[8pkefOv[EHG;I	gbdcjKk[Ll;`HCHUrEHG;I
Kiw[LXVIWG;Cw^nG;Ix[LG^TORIWEEHORG 7ORCP j`HcHIW`HCHUAORCEHORGKiw[LXVIWG;CKiCKi] gQWG Ki|HUVG;QWbdcH]RXVQWQWG;C_p	BDY]RG>[Ll>[LG;C
z#|HQWbdcHCHOv[W[Ł^nG;IWEHG;C EHORG-7IWUVG;|HCHORQWQWG EHG;IF j`HIEHORGaVG;IWQWbdcHORG;EHG;CHGefORG>[L\HIWG;ORQWYZG;IW YKi]RGEH`HIWbdcgo
UVG> j`HcHIx[LG;CfKiw[LXVIWG;CKiCKi] gQWGr\HI3jKiQWG;Cw[LORG;Ix[8pHqrORGrKi`PEHORG;QWG<z#Ix[tUVG;QWbdcjKk[Ll>[LG;CKiw[LXVIWG;C ^nG;IWEHG;C
ORC1EHG;ISTG;UVIWG;QWQWORXVCHQLKiCKi] gQWG< j`HITEHG;CAefORG>[L\HIWG;ORQTKi]RQtG;IW ]DjKiIWG;CHEHGSTG;UVIWG;QWQWXVIWG;CfaVG;Ix^nG;CHEHG>[8p

	 	 Q/
!;-0/ﬁ1 /  !!ﬁ
3 ﬂﬀ+ 2!ﬁﬀﬃ9:$3 ﬂ!;/ﬁﬀ /ﬁﬀ 
 (%&!
q<KiQZORG;] EHG;IgzORQx[8EHORGf`HQLKiYZYZG;CHcjKiCHUVG l>^TORQWbdcHG;C 2mKiIWOhKi|H]RG;CEH`HIWbdc ^nG;CHORUVG1`HC |G;XV|go












 ﬁ B )" " " /) ygKi]RQnyORCHG8KiIWiXVY|HORCKk[LORXVCHG;C aVXVC04:0 # 	Z`HC |G;XV|Kibdcw[L|KiIWG;C`P Ki]R]RQxaiKiIWOhKNo
|H]RG;C 

   B )" " " ﬂ).0_`HCHE QW\G;l;OvQWbdcHG;C2mKiIWOhKi|H]RG;C'

 ﬁ+ B )" " " ﬂ) EKiIWUVG;Qx[LG;]R]v[r^nG;IWEHG;C
































































 )     ! ,) 4.jgpB#Z
^nXV|G;O  G;ORC 4  AB#Z o,2G;w[LXVI1aVXVC6`P Ki]R]RQxaiKiIWOhKi|H]RG;C ORQx[8 ﬀORQx[fG;ORC 4  AB#Z o,2G;w[LXVI1aVXVC
7Ix^ KiIx[L`HCHUVQx^nG;Ix[LG;CﬂaVXVC A  6ORQx[EHORGZKiEH`HCHUVQWYKk[LIWO M ORQx[G;ORC 4:0( B#Z o,2G;w[LXVIFKi`HQEHG;C
UVG;YZG;ORCHQLKiYZG;CfKiw[LXVIWG;C1`HCHE, |G;l;G;ORbdcHCHG>[#G;ORCHG;C 4   B#Z o,2G;w[LXVI aVXVC7ORCHl;G;]RIWG;Qx[W Kiw[LXVIWG;C_p









 )   

 ) 4.jgp~}YZ

















)" " " /)
 
ﬀ
Zh^nXV|G;ORWG;EHG G;OR]RGﬁEHG;IeKk[LIWO M G;ORCHG;C!iXVCHQx[dKiCw[LG;C 2G;w[LXVI aVXVC 7Io
^ KiIx[L`HCHUVQx^nG;Ix[LG;C|G;l;G;ORbdcHCHG>[8pqrORGIWG;Qx[L]RORbdcHG;CeKk[LIWORl;G;C QWORCHE6XV]RUVG;CHEHG;IWYKﬁlVG;CEHG>CHORG;Ix[8



















4z B#Z 7{4,dZﬃ 























































4z*jYZ nX3a 4  ,dZﬃﬁ$

V
^ KiQ1|G;EHG;`P[LG>[8 EKﬁl EHORGAUVG;YZG;ORCHQLKiYZG;CKiw[LXVIWG;C YZOv[ EHG;C 7ORCHl;G;]RIWG;Qx[W Kiw[LXVIWG;C#, CHORbdcw[
iXVIWIWG;]RORG;Ix[TQWORCHE_p
gG;O EHORGs<X3aiKiIWOhKiCHl;YKk[LIWO M EHG;I1|G;XV|Kibdcw[L|KiIWG;CH2mKiIWOhKi|H]RG;C_pnz#`PUVIW`HCHEEHG;I z#CHCKicHYZG;C
4z B#Zn|HORQ 4z*jYZnG;IWcjKi]v[TYKiC_
     

   4.jgp nkZ
















 |G;kKiCHCw[8pw#j`HI'EHG;CRMnG>^nG;ORQ`HCHE G;ORCHG EHG>[dKi]R]RORG;Ix[LG qrORQW `HQWQWORXVC$j`H|G;IEHORG BDEHG;Cw[LOvl;ORG;IW|KiIWiG;Ov[




















































efXgEHG;]R]hKiCHCKicHYZG;C 4z B#Z|HORQR4z*jYZXV]RUi[8EKﬁl1EHORG KiEH`HCHUVQWYKk[LIWO M  EHORG s<X3aiKiIWOhKiCHl;YKk[LIWO M
l>^TORQWbdcHG;CEHG;C|G;XV|Kibdcw[L|KiIWG;CG2mKiIWOhKi|H]RG;C ﬃ`HCHEfEHG;CAKiw[LXVIWG;C EKiIWQx[LG;]R]v[8PCjKiYZ]RORbdc
nX3aU4ﬃ  /Zﬃ  3 4.jgp jYZ
BDC*EHG;I JILKNMPORQZORQx[EHORGs<X3aiKiIWOhKiCHl;YKk[LIWO M CHORbdcw[ |G;kKiCHCw[ `HCHE*Y`plUVG;QWbdcjKk[Ll>[ ^nG;IWEHG;C_p






































7]RG;YZG;Cw[LGEHG;CfG;Ix[ BFKiCHCHG;cHYZG;C_pq<KiCHCfQWXV]R]gbdcjKk[Ll;G;I  `HCHE  j`HI `HCHE  |G;Qx[LORYZYF[
^nG;IWEHG;C_QWXZEKﬁl
     

  4.jgp IkZ
YAjXVUV]RORbdcHQx[tG;ORCHG<UV`P[LGuz#CH\KiQWQW`HCHU KiC 













































6YEHORG$KiEH`HCHUVQWYKk[LIWO M  T EHORG7ORCHl;G;]RIWG;Qx[WaiKiIWOhKiCHl;YKk[LIWO M  `HCHEEHORGAz#CHl8KicH]rEHG;I1KiVo
[LXVIWG;C 0$EHG;Q< Kiw[LXVIWG;CKiCKi]  [LORQWbdcHG;CﬂefXgEHG;]R]RQ<l;`QWbdcjKk[Ll;G;C_Qx[LG;cHG;CaVG;IWQWbdcHORG;EHG;CHG52G;Ix KicHIWG;C
l;`HI@2G;Ix j`HUV`HCHUHz#Y cjKi`PUVQx[LG;C$^nG;IWEHG;CEHORG  #Ki`H\P[LiXVYZ\XVCHG;Cw[LG;CKiCKi] gQWG\4 #s<z*Z EHORGEHORG
 #Ki`H\P[LiXVYZ\XVCHG;Cw[LG;CHYZG>[LcHXgEHG@4 #seZ_`HCHEEHORG  #Ki`H\P[W Kiw[LXVIWG;CKiCKi] gQWG@4 #gz*Z`HY  Kﬁli[88`HCHE





















IWG;]RORG;Ix[LG;CA|G;XV|Kibdcw[L|KiIWG;C32mKiIWOhKi|H]RG;CAl;ORG;]v[8QWX EKﬁl YAjXVUV]RORbdcHQx[agORG;]'EHG;IoK<G;QLKiYF[WaiKiIWOhKiCHlFEHORG o
QWG;Iw2mKiIWOhKi|H]RG;CEH`HIWbdc^nG;CHORUVG`HCw[LG;IWG;ORCKiCHEHG;I`HCHiXVIWIWG;]RORG;Ix[LG72mKiIWOhKi|H]RG;C 4EHORGQWXVUVG;CKiCHCw[LG;C
 #Ki`H\P[LiXVYZ\XVCHG;Cw[LG;C`Z#G;IW ]DjKiIx[r^TORIWE_p_qrORGF^TORbdcw[LORUVQx[LG 7ORUVG;CHQWbdcKk [uEHORG;QWG;IefG>[LcHXgEHGŁORQx[8EKﬁl
EHORGfs<XVYZ\XVCHG;Cw[LG;C CKibdcHG;ORCKiCHEHG;IEHG;C*YKNMPORYKi]RG;Cz#Cw[LG;OR]tEHG;I 2mKiIWOhKiCHl EHG;I9K<IW`H\H\G1aVXVC
2mKiIWOhKi|H]RG;CG;IW ]DjKiIWG;C_mqrORG G;IWQx[LG  #Ki`H\P[LiXVYZ\XVCHG;Cw[LGfORQx[ EHORGWG;CHORUVG1yORCHG8KiIWiXVY|HORCKk[LORXVCEHG;I
q<Kk[LG;CwaiKiIWOhKi|H]RG;C_yEHORG EHG;CﬂUVI3jXYli[LG;Cz#Cw[LG;OR]EHG;Io2mKiIWOhKiCHl G;IW ]DjKiIx[ EHORG l>^nG;Ov[LG  #Ki`H\P[LiXVYZ\Xko
CHG;Cw[LGORQx[ G;ORCHGKiCHEHG;IWGyORCHG8KiIWiXVY|HORCKk[LORXVCEHG;I12mKiIWOhKi|H]RG;C_'EHORG1EHG;C*l>^nG;Ov[LUVI3jXYli[LG;C z#Cw[LG;OR]
EHG;I 2mKiIWOhKiCHlZG;IW ]DjKiIx[8`HQx^upv'QWXAEKﬁlAEHORGUVG;QLKiYF[LGR2mKiIWOhKiCHlZEH`HIWbdcEHORG  #Ki`H\P[LiXVYZ\XVCHG;Cw[LG;C
G;IW ]DjKiIx[Z^TORIWE_pnqrORG  #Ki`H\P[LiXVYZ\XVCHG;Cw[LG;CQWORCHE `HCw[LG;IWG;ORCKiCHEHG;I`HCHiXVIWIWG;]RORG;Ix[8pG;OR]TEKiQ ORG;]


























ORQx[tG;ORCHGrIWG;ORC EHG;QW IWOR\P[LOvaVGefG>[LcHXgEHG<l;`HI MnG;Qx[LORYZY`HCHUEHG;Q
ORC 4.jgp~}YZ#KiCHUVG;UVG;|G;CefXgEHG;]R]RQ# j`HIrEHORGŁq<Kk[LG;C_pygG;O  EHORGw4 ﬃ  	Z oDEHORYZG;CHQWORXVCKi]RGeKk[LIWO MAEHG;I








 j`HIKi]R]RGﬁ B )" " " /) yp
q<KiQORG;]PEHG;ImefG>[LcHXgEHGT|G;Qx[LG;cw[mEKiIWORC_VKiCHcKiCHE EHG;IG;YZ\HORIWORQWbdcHG;C s<XVIWIWG;]hKk[LORXVCHQWYKk[LIWO M  EHG;I
Qx[dKiCHEKiIWEHORQWORG;Ix[LG;Cfq<Kk[LG;C( tEHORG<EHORG`HQLKiYZYZG;CHcjKiCHUVG<l>^TORQWbdcHG;CEHG;Cw2mKiIWOhKi|H]RG;C iG;CHCHl;G;ORbdcgo
CHG>[8yEHORGG;IWQx[LG;C(04:0 # 	ZrKiw[LXVIWG;C 2ﬂ)" " " /)
+$ŁXgEHG;I  #Ki`H\P[LiXVYZ\XVCHG;Cw[LG;CKi`HQWl;`w^FjKicH]RG;C_
^FjKicHIWG;CHEEHORG<IWG;Qx[L]RORbdcHG;C 4  )0pZtKiw[LXVIWG;C aVG;IWCKibdcH]DjKiQWQWORUi[T^nG;IWEHG;C_p
z#`HQtG;ORCHG;I aVXV]R]RQx[NjKiCHEHORUVG;C  #Ki`H\P[LiXVYZ\XVCHG;Cw[LG;CHYZG>[LcHXgEHGuG;IWUVOR|P[tQWORbdc1EHORG#XV]RUVG;CHEHG*rILKiCHQxXVIo
YKk[LORXVC EHG;Iq<Kk[LG;CHYKk[LIWO M" 
 (  

`HCHE  5    

)
YZOv[ < 4	2.)" " " /)























.)" " " /)	  p
2XVCEHG;I K<G;QLKiYF[WaiKiIWOhKiCHl  


































  $  6

$ 













































































































































UVG>[LG;Qx[LG>[8pq<Kk j`HIt]hKi`P[LG>[tEHORGorG;Qx[LQx[dKk[LORQx[LORZ j`HI 	 #!0ﬂ#+ )PBV






r]RC4  " "  ﬁ$Z 4  )
0pZ]RC   4.jgp >kZ
YZOv[ - 4  )  ) " " ) ﬁ$Z p4  ) 0pZ pHqrORG< [dKk[LORQx[LOR$rORQx[tKi\H\HIWX8MPORYKk[LOva
ﬀ
o aVG;Ix[LG;OR]v[




0 *}YZm4  )0 ) B#Z p
qrORG 7ORCHl;G;]RIWG;Qx[W Kiw[LXVIWG;CZEHG;Q efXgEHG;]R]RQ'EHG;ImgzQW\HORG;]RG;C iG;ORCHGSTXV]R]RG |G;OHEHG;I  #sepwz#`plVG;IWEHG;Y
ORQx[ŁEHORG  #Ki`H\P[LiXVYZ\XVCHG;Cw[LG;CHYZG>[LcHXgEHG ]RG;EHORUV]RORbdcG;ORCHG IWG;ORCHG z#\H\HIWX8MPORYZORG;IW`HCHUVQWYZG>[LcHXgEHGZ j`HI































gG;O_EHORGrKi`PUVIW`HCHE EHG;I{K<IW`HCHEHUV]RG;ORbdc `HCHUG4.jgp nkZEHG;Q  Kiw[LXVIWG;CKiCKi]  [LORQWbdcHG;CefXgEHG;]R]RQ*4.jgpB#ZG;Cw[xo
QW\HIWG;bdcHG;CHEHGŁG;IW]RG;UV`HCHU EHG;ITG;YZ\HORIWORQWbdcHG;Cs<XVIWIWG;]hKk[LORXVCHQWYKk[LIWO M
      

  ) 4.jgp XkZ
























































aVXVIWcHG;I<UVG;QWG;cHG;C^T`HIWEHGi_G;IWUVOR|P[rQWORbdcEHORG;QWG G;IW]RG;UV`HCHU1Ki`HQrEHORG K<IW`HCHEHUV]RG;ORbdc `HCHU4.jgp nkZ
















  F    )   4.jgpB 	kZ
}gpTz#`PUVIW`HCHE EHG;I87ORUVG;Cw^nG;Ix[LG 

 " " 

 $`HCHE EHG;CKiQWQWXVl;ORORG;Ix[LG;C CHXVIWYZORG;Ix[LG;C,7O o
UVG;CwaVG;w[LXVIWG;C
ﬂ
ﬂ)" " " /)
ﬂ












 " " 	   pwq<KiCHCŁUVOR]v[  5    `HCHE EHORG  #Ki`H\P[W Kiw[LXVIWG;C   4	2ﬂ)" " " /)
 #Z





ORGm|G;OPEHG;I  #se{^TORIWEFC `HI'G;ORCHGn ]RG;ORCHGmz#CHl8KicH]ﬁ054:0ﬂ# 	Z_aVXVC  #Ki`H\P[W Kiw[LXVIWG;CUVG;CHXVYZYZG;C_p






































z#`Hbdc ^nG;CHC*EHORGfeKk[LIWO M  +ORY.Ki]R]RUVG;YZG;ORCHG;CCHORbdcw[ZEHOhKiUVXVCKi]nORQx[8	]DjKﬁli[ŁQWORG QWORbdc YZOv[EHORG;QWG;I



















































 ]hKiIWG#BDCw[LG;IW\HIWG>[dKk[LORXVC EHG;ItKiw[LXVIWG;C ORQx[naVXVC92XVIx[LG;OR] w Ki]R]RQG;ORCHG 7IW ]DjKiIW`HCHUEHG;I 7ORCPj`HQWQWGuKi`P
















qrORGmORCEHG;IDK<IW`HCHEHUV]RG;ORbdc `HCHUR4.jgp nkZEHG;Q	 Kiw[LXVIWG;CKiCKi]  [LORQWbdcHG;CZefXgEHG;]R]RQ;4.jgpB#ZyaVXVIWUVG;Qx[LG;]R]v[LG KNo


























2XVC Ki]R]RG;CYAjXVUV]RORbdcHG;C STXi[dKk[LORXVCHG;C^nG;IWEHG;C*EHORGWG;CHORUVG;CaVXVIWUVG;l;XVUVG;C_EHORG1EHORGf [LIW`Hw[L`HI EHG;I
KiEH`HCHUVG;CG;ORCP KibdcHG;I<YKibdcHG;C_yE_p c_pyEKﬁl1YAjXVUV]RORbdcHQx[DWG;EHG12mKiIWOhKi|H]RGcHXgbdcKi`PnG;ORCHG;Y Kiw[LXVI
G;ORCH]DjKiEP[F`HCHE  ]RG;ORCHG;IWG KiEH`HCHUVG;CORCﬂEHG;C IWG;Qx[L]RORbdcHG;C Kiw[LXVIWG;Cﬂ|G;QWOv[Ll>[8p 7QŁUVOR|P[G;ORCHGR2rORG;] o







































KiEH`HCHUVQ  `KiEHILKk[LGZYKNMPORYZORG;Ix[8pqrORG;QWGeKNMPORYZORG;IW`HCHU  j`HcHIx[EKil;`_EKﬁl1EHORG G;Cw[LQW\HIWG;bdcHG;CHEHG;C
KiEH`HCHUVQx^nG;Ix[LG l;`G;ORCHG;Y|G;Qx[LORYZYF[LG;CKiw[LXVIuQWG;cHIFcHXgbdcH4|HORQul;` B#Z<XgEHG;IQWG;cHI ]RG;ORCP4|HORQ















































EHG;I<efOv[W[LG;]v^nG;Ix[#EHG;I#KiEH`HCHUVQ  `KiEHILKk[LGFEHG;Q io [LG;CAKiw[LXVIWQORQx[8pqrORG

























Kibdcw[L|KiIWG;C 2mKiIWOhKi|H]RG;C`Z#Qx[LG;]R]RG;C_pq<Kfs<XVIWIWG;]hKk[LORXVCHG;CG;IWQx[ŁKi|G;ORCHGZ|G;Qx[LORYZYF[LGRK<I3jXYlVG FxQWORUVCHO o
kKiCw[ GQWORCHE_	^nG;IWEHG;C*C `HI l;`HI BDCw[LG;IW\HIWG>[dKk[LORXVC EHG;IZKiw[LXVIWG;C EHORGWG;CHORUVG;C KiEH`HCHUVG;C UVG;l;Xko
UVG;C_	EHORGG;ORCHGZaVXVIWUVG;UVG;|G;CHG K<IWG;CHl;G aVXVClip M#p 	Pp j j`H|G;IWQWbdcHIWG;Ov[LG;C_pqrORG;QWGl;`G;ORCHG;Y Kiw[LXVI

















EHG;IFKiw[LXVIWG;C 0EHG;IFKiEH`HCHUVQWYKk[LIWO M  ﬁ`HCHEEHG;IeKk[LIWO M  EHG;I 7ORCHl;G;]RIWG;Qx[WaiKiIWOhKiCHl;G;C j`HI
EKiQt Kiw[LXVIWG;CKiCKi]  [LORQWbdcHG;CAefXgEHG;]R]RQ
 )     ! ,) 4.jgpBEZ







































































































UVG;QWbdcjKk[Ll>[8m^nXV|G;O  EHORG 4 ﬃ& 	Z oDEHORYZG;CHQWORXVCKi]RGfeKk[LIWO M EHG;I Qx[dKiCHEKiIWEHORQWORG;Ix[LG;C q<Kk[LG;CwaVG;Vo
[LXVIWG;C# >3 " " v   P R
ﬀ










^TORIWE$ j`HI<EHG;CKi]R]	G;ORCHG;I  #gzEHORGIWG;EH`Hl;ORG;Ix[LGZs<XVIWIWG;]hKk[LORXVCHQWYKk[LIWO M  FZORC 4.jgpB 	kZQx[dKk[W[uEHG;I
s<XVIWIWG;]hKk[LORXVCHQWYKk[LIWO M  !|G>[LILKibdcw[LG>[8p

	 	   / S!;/ -0/ﬁ1 23/ ﬁﬀﬃ9:$3 ﬂ!;/ﬁﬀ /ﬁﬀ 
























































































































Kiw[LXVIWG;CKiCKi] gQWG YZOv[FEHG;C |G;OREHG;C efG>[LcHXgEHG;C  #Ki`H\P[LiXVYZ\XVCHG;Cw[LG;CHYZG>[LcHXgEHG4 #seZ`HCHE






2mKiIWORYKNM os<IWOv[LG;IWOR`HYKiCHUVG;UVG;|G;C QWORCHE_p#Kibdc1EHG;Y JIWXVl;G;Cw[LQLKk[Ll; IWOv[LG;IWOR`HY ^T`HIWEHG;C agORG;ItKiVo
[LXVIWG;CuG Mg[LILKicHORG;Ix[88`HYG;ORCHG;CuG;IW ]DjKiIx[LG;Cuz#Cw[LG;OR]VEHG;IWK<G;QLKiYF[WaiKiIWOhKiCHl	EHG;I2mKiIWOhKi|H]RG;C#aVXVCYZORCHEHG o
















  g\Xi[LcHG;QWG  !
05
'





















z#]RQ  XgbdcH]hKiEH`HCHUVG;C$^T`HIWEHG;CEHORGCKibdcEHG;I  #se.UVG;QWbdcjKk[Ll>[LG;C 7]RG;YZG;Cw[LGEHG;IuKiEH`HCHUVQWYKNo
[LIWO M*EHG>CHORG;Ix[8mEHORGUVI3jXYlVG;I Ki]RQ 	Pp j^ KiIWG;C_p qrORG 7]RG;YZG;Cw[LGEHG;I Ki`PuEHORG  #gz |KiQWORG;IWG;CHEHG;C
IWG;EH`Hl;ORG;Ix[LG;C s<XVIWIWG;]hKk[LORXVCHQWYKk[LIWO M   Ffl;G;ORUVG;C  ]RG;ORCHG;IWG G;Ix[LGKi]RQŁEHORGWG;CHORUVG;C EHG;IZKi`P#G;ORCHG
 4)*ﬁ D ﬂ+-< ﬂﬃ!0: % )*ﬀﬂ& ')(0: G(',?-ﬂ&('&('< ﬀ 6ﬂ& &('-0: ﬀﬂ7 ' 	ﬀﬃ ﬁ )*ﬁ  Vﬃ ,-ﬂ< ﬃ :*1ﬀ. 789:*ﬀﬀ8ﬀ)*0:9
+-15A)*:*68C/5A)* ﬂﬃ &* 7 ﬃ &95A)*:*)*&*+ ﬃ & ﬀﬃ ;7 ' 	ﬀﬃ ﬁ )*ﬁ  Vﬃ ,-ﬂ< ﬃ :*1ﬀ. 789:*ﬀﬀ; 6ﬃ ﬂ:*9ﬃ%'4LUVNTLN5O & Q4U +*K N
C"YZ-Z 2-\]?=MG69(Y-Y1"9(Y:.)*&(%N
	(+*KVTLN C"YZ-[ﬃ91\]?=MG?^ﬃ:;B5A)*ﬂﬃ &* :*ﬂ-9ﬃ! 0:* 0:*ﬂﬃ 2*)*&*+1\G-/.ﬃ 2D ﬂ6ﬂﬃ 
< )*&*+? '&*&(':*ﬁ ﬂ&;ﬀﬃ  6ﬂ789:*ﬀﬀ>)*&( ﬀﬃ >ﬁ8A-+-< ﬃ!0:*ﬂ&A?>-&1E-ﬂ+-ﬂ&*ﬂ@*-2*< ﬂﬁ  C  6ﬃ ﬂ:*>9ﬃ%' 5@5NT10 Q 0 0 +
















= ﬃ ﬂ6>+- 0:A'_9'-ﬀ)*&*+-ﬂ&
2?D7
















4*G [4-Z-Z 4*G Y)9;9(Y 4*G 44-Z1^ )4





 4-[ 22 )4
 :4-[-[*Y )4












4*G Y-Y_^*2 4*G YB-Z*Y )4




4*G ^-^ :;B )4







4*G ^ ﬀY: )4
 41^-^_[ )4







 B;:-Z4 4*G 4 2?^ 9 4*G :;:;B1^ )4
 41^1Y-Y 4*G 9ﬃB-[

ﬁ')(
4*G YB-[-Z 4*G 2*4 [ )4
 4ﬃ9(Y_^ )4





4*G 2?^-^1Y 4*G 4;:ﬃ9ﬀ^ 4*G ^1Y 2?^ )4
 4 2 9 4*G [-Z 
,-./
4*G 4;:-[ 2 4*G Z4 )4
 B*Y )4
 B ﬃB-Z 4*G  9(YZ
2G9:










































4*G :1^*2 9 4*G 9(YﬃB 4*G 4*YB-Z )4







4*G  9ﬀY 4*G 4*Y-Y[ )4
 4;B 2ﬃB )4






4*G 4*Y 2ﬀY 4*G 2 96B-[ 4*G 44*Y)9 4*G 4 *41^ 4*G 4;: 2ﬀY

ﬁ')(





4*G 2ﬀY-Y)9 4*G *44*Y 4*G 4ﬃ9;9(Y 4*G 4 2[*Y 4*G 2Z1^ :
,-./
4*G 4ﬃ9.2ﬃ: )4























 #se|KiQWORG;IWG;CHEHG;Cs<XVIWIWG;]hKk[LORXVCHQWYKk[LIWO M  .KiC_pq<KiYZOv[uQWORCHEﬂEHORG 7ORUVG;Cw^nG;Ix[LG `HCHEﬂEHORGKNo
EH`HCHUVG;CKi`Hbdc ]RG;ORCHG;I;pqrG;Qx^nG;UVG;C$^T`HIWEHGEHORG1K<IWG;CHl;GF j`HI  XgbdcH]hKiEH`HCHUVG;CA|G;O	EHG;I  #gzKi`P
	Pp nŁcHG;IW`HCw[LG;IWUVG;QWG>[Ll>[8p














































































































G;Ov[LG;IWGtKiw[LXVIWG;CKiCKi] gQWG;C CKibdc EHG;I  #se `HCHEŁCKibdc EHG;ImeKNMPORY`HYŁoyORiG;]RORcHXgXgEgoxefG>[LcHXgEHG
KiCHcKiCHEl>^nG;ORG;IyaVG;IWQWbdcHORG;EHG;CHG;C 6Cw[LG;IWQx[LORbdcH\HIWXV|G;C 4 Ki`HQyEHG;ID7ORCw[LG;OR]R`HCHUTKi]R]RG;I MnG;XV|Kibdcw[L`HCHUVG;C
EHG;I{K<G;QLKiYF[LQx[LORbdcH\HIWXV|GrORC l>^nG;O [LORbdcH\HIWXV|G;C1UV]RG;ORbdcHG;Q 6Y  KiCHUVQ-Zml;G;ORUVG;C_PEKﬁlŁEHORG<Kiw[LXVIWG;C















































MnG;OEHG;ImKiw[LXVIWG;CKiCKi] gQWG ^T`HIWEHG;CCKibdcZEHG;Y 7ORUVG;Cw^nG;Ix[L IWOv[LG;IWOR`HY  j`HCPyKiw[LXVIWG;C |G;OR|G;cKi] o
[LG;C_P`HYj`H|G;I j 	 EHG;I K<G;QLKiYF[WaiKiIWOhKiCHlEHG;Is2mKiIWOhKi|H]RG;Cl;` G;IW ]DjKiIWG;C_pgBDC r	Ki|G;]R]RG@jgp n^nG;IWEHG;C



































































































































#KibdcEHG;Y 7ORUVG;Cw^nG;Ix[L IWOv[LG;IWOR`HYG;IWcjKi]v[YKiC QWG;bdcHQfKiw[LXVIWG;C_n`HYG;ORCHG;C z#Cw[LG;OR]aVXVCb8KPp
j 	  EHG;IqK<G;QLKiYF[WaiKiIWOhKiCHltEHG;ID2mKiIWOhKi|H]RG;C l;`G;IW ]DjKiIWG;C_p qrORG27IWUVG;|HCHORQWQWGEHG;InKiw[LXVIWG;CKiCKi] gQWG
CKibdcEHG;I  #Ki`H\P[W Kiw[LXVIWG;CKiCKi] gQWG `HCHECKibdcG;ORCHG;I*2mKiIWORYKNM oSTXi[dKk[LORXVCfQWORCHEORC3r	Ki|G;]R]RG jgp E
EKiIWUVG;Qx[LG;]R]v[8
















































= ﬃ ﬂ6>+- 0:A'_9'-ﬀ)*&*+-ﬂ&




















 4  9;9 4*G 4;B1^ : 4*G B1^ 4ﬃ9 )4







 Y-YZ  4*G 4 ﬀY_^ )4






 4;B 2[ 4*G 4 ﬃB;: )4














4*G 9?[  9 )4
 Y 2?^ 4*G 2ﬃBﬃ9?[ )4





4*G Y 4-Z 2 )4








 4*Y[ﬃ9 4*G 41^*2ﬃB )4






 22 96: 4*G 9?[1^  4*G 4 2*4-[ )4
 4 Zﬃ9 )4





4*G 2Z-Z  )4
 4-[-[ﬃ9 )4





 9 44  4*G 2ﬃ:1^ B )4





4*G Y 4;:1^ 4*G 4 2Z 4*G B-[;:;: 4*G 44;:*Y )4




 41^  9 4*G 41^-^_Z 4*G B *4 2 )4
 4 ﬃB 2 )4




   























= ﬃ ﬂ6D+- 0:A'_9'-ﬀ)*&*+-ﬂ&



















 4 2ﬃ: 2 )4
 4*Y-Y)9 4*G 4*Y 2 9 4*G 4*Y[;B 4*G 4 2*4-Z 4*G 22[*Y 4*G 4 ﬃB-[
 + ! 

.
4*G B;B ﬃB )4
 4-Z-Z 2 )4
 Y)96:-[ )4
 2 96:-Z 4*G 44;: 2 )4







 4ﬃ9;9 4*G 4*YZ-Z )4




 4;B*Y: 4*G Y-YZ;: 4*G Bﬃ96B1^ )4





 4-Z1^ B 4*G 44 2ﬃB 4*G Y*4 4*G 2*4-[4 )4












 4 2*4;: )4
 44-Z-Z )4
 44;Bﬃ9 )4
 2?^ ?^ )4
 4-[;:-[ )4









 2 9ﬀ^_[ 4*G 4444;: 4*G 4-[-Z;B )4







4*G 44 2?^ 4*G 4 Z 2 4*G 2ﬃ:ﬃ9 4*G 44-Z;B )4
 41^ B1^ )4




4*G  9?Z4 4*G 4 ﬃB  )4
 4;:*YZ 4*G 41^ B  )4











 4-Z 2*4 )4
 2*4-Z  )4



















 4*Y)9 4 4*G 4ﬃ9(Y_^ )4





 4 2ﬃ: 4*G B;:-Z*Y 4*G Y 2ﬃB 2 4*G 4 *4-[ 4*G 4-[-[;: )4






























































































































































































































G;CHCYKiCAEHORG;Q<YZOv[#EHG;C 7IWUVG;|HCHORQWQWGŁG;ORCHG;I  #se aVG;IWUV]RG;ORbdcw[8QWORCHE$EHORGŁKiw[LXVIWG;C}`HCHE3E


























#j`HIEHORGq2mKiIWOhKi|H]RG;C_iEHORGTEHORG;QWG;QnefG;IW YKi]iG;CHCHl;G;ORbdcHCHG;C_g^T`HIWEHGG;ORCHG  #Ki`H\P[W Kiw[LXVIWG;CKiCKi] gQWG
EH`HIWbdcHUVG> j`HcHIx[8pBDCr	Ki|G;]R]RG jgp j QWORCHEEHORG 7IWUVG;|HCHORQWQWGZCKibdcG;ORCHG;I@2mKiIWORYKNM oSTXi[dKk[LORXVCEKiIWUVG o
Qx[LG;]R]v[8p

















= ﬃ ﬂ6>+- 0:A'_9;'-ﬀ)*&*+-ﬂ&


























4*G ^ 41^ : 4*G 4*Y 4*G 441^_Z )4







4*G 9.2*4  )4










4*G 4ﬃ9;9(Y 4*G 4;:-Z*Y 4*G 22*4*Y 4*G 2ﬃ:-Z;: )4










4*G 4-Z;:;: 4*G 4;B;:-Z 4*G 2 9(Y 2 4*G Y)9 4 2 4*G B-Z1^_Z )4





4*G YZ 4*G Y)9 4-[ 4*G 4ﬃ9?[*Y )4




4*G 41^ Bﬃ9 4*G [-Z  )4
 4-Z*Y)9 )4








4*G 4*Y[ 4*G ﬃ:;:4 4*G Y 2 9;9 4*G 4;:ﬃ9(Y 4*G 441^1Y )4






4*G 4 22 9 )4
 4 22 4*G 2ﬃ:*Y-Y 4*G 4;:1^  )4






4*G 4;:-Z1^ 4*G 4*Y 2 9 4*G 9;9?Z  )4





 4 2Z*Y )4
 4-Z  4*G 44-Z;B 4*G 2ﬃ:-[-[ )4









 Y 2[  )4















































































































































































































`HCHEﬂKiIWYF^ KiQWQWG;IxaVG;IWQWXVIWUV`HCHUHaVXVC7M KiE`HCHErXVOR]RG>[W[LGis j`HbdcHG`HCHEQWXVCHQx[LORUVG;Iz#`HQWQx[dKk[W[L`HCHU
l;`HQLKiYZYZG;CHUVG> Kﬁli[ŁQWORCHE_pqrORG1gbdcw^TORG;IWORUViG;Ov[ |G;O EHORG;QWG;IRK<IW`H\H\G G;IWUVOR|P[ŁQWORbdc Ki`HQŁORcHIWG;I  G o
[LG;IWXVUVG;CHOv[NjKk[Z`HCHE*|G;Qx[LG;cw[ EKiIWORC_G;ORCHGf\H]hKi`HQWOR|H]RG BDCw[LG;IW\HIWG>[dKk[LORXVC*EHG;IKiw[LXVIWG;C*l;` CHEHG;C_
^nG;OR]EHORG;QWGKiw[LXVIWG;CYZG;ORQx[LG;CHQaVG;IWQWbdcHORG;EHG;CHG5K<G;UVG;CHQx[NjKiCHEHGF`HY  KiQWQWG;C_E_p c_pEKﬁlEHORGFKiw[LXko


















#Kibdc$EHG;Y 7ORUVG;Cw^nG;Ix[L IWOv[LG;IWOR`HY!^T`HIWEHG;CA j`HCPl;G;cHCKiw[LXVIWG;CAG Mg[LILKicHORG;Ix[8EHORG1j >  EHG;I*K<G o
QLKiYF[WaiKiIWOhKiCHl1EHG;IZXVIWORUVORCKi]RG;C 2mKiIWOhKi|H]RG;C G;IW ]DjKiIWG;C_pqrORGfKiw[LXVIWG;CKiCKi] gQWG1^T`HIWEHGCKibdc*EHG;I
 #Ki`H\P[W Kiw[LXVIWG;CKiCKi] gQWGTEH`HIWbdcHUVG> j`HcHIx[m`HCHEZORcHIWG 7IWUVG;|HCHORQWQWGQWORCHEŁORC r	Ki|G;]R]RG jgp IrEKiIWUVG;Qx[LG;]R]v[8p
7ORCHGBDCw[LG;IW\HIWG>[dKk[LORXVCEHG;IŁKiEH`HCHUVQWYKk[LIWO M$ j`HcHIx[ŁKi`PUVIW`HCHEﬂORcHIWG;I  XgbdcH]hKiEH`HCHUVG;CH4EHG;C#WG;CHO o




































































































































































































































































ﬂ(0 +ﬁ   k
ﬀ
p






















































































































































z#`HQ EHG;C9EYE 2mKiIWOhKi|H]RG;C_wEHORG#EHORG#z#`HQWQx[dKk[W[L`HCHUŁEHG;ImXVcHC `HCHUŁiG;CHCHl;G;ORbdcHCHG;C_H^T`HIWEHG;C7B#j`HCgo
Ki|HcjKiCHUVORUVGTKiw[LXVIWG;CG Mg[LILKicHORG;Ix[8wEHORG j`H|G;Iqj 	  EHG;ID2mKiIWOhKiCHltEHG;Im`HIWQW\HIij`HCHUV]RORbdcHG;CR2mKiIWOhKi|H]RG;C



















BDCEHORG;QWG;Y z#|HQWbdcHCHOv[W['^T`HIWEHG YZOv[W[LG;]RQEHG;IKiw[LXVIWG;CKiCKi] gQWG Ki`PEHORGnSTG;EH`Hw[LORXVCEHG;I'G;IW ]DjKiIWG;Cgo











































&('*),+(-.ﬂ0/ 13254 27682!13254 2:9;;:13254 2:9<6=25> 27627<:13254?9
27@<=25> 2Aﬀ9BAC25> D<<D 13254?962FE
GIHKJL 3/M/MJ,N 13254 2FEO9@=25> 2AFD8ﬀ13254 27627;:13254 27<7ED:13254 27827D:13254 AF6<59 25> 2FE@59 25> D<@6
&('*HQP(N5)2 13254 27D<6=25> 27627;=25> 27<2AR25> 27DD7E513254 27@27<=25> @@7E; 25> 2AF<@ 13254 27@<7E
&('*)KS0) 13254 27D8TAU13254 2787E6V25> 2FE;7E:13254 276<59713254 22AF<=25> 22FEWAC25> 2782A 25>?9
27;D
GXGXY[Z 13254 2AF;2!13254 D<@8:13254 2AF87E513254?9BAOEE513254 27<@59\25> DTAF82!13254 276TAOE 13254?96TA72
],HK^02GIHK],J 13254 27DD;=25> 276;@ﬀ13254 27D7E8:13254 276@7EV25> <59DTA!13254 27DTAAC25> 2:986 25> 227@@
]

2_`JLZ 13254 27DTAOEV25> AF@<TA 13254 2AF66=25> 2276TAC25> 227;8:13254 27D@Dﬀ13254 27@2:9 25>?9
27;59
],HK^0abH3c,& 25> 2:9<;=25> 2AF6TAC25> 227<7E:13254 2:9D2d25> 2227D:13254 227<2!13254 27@7E6 25> <8@@
],HK^0^0P(Nﬀc,& 25> 2:9;7EV25> AFD598 13254?9;;59713254 227<D=25> D276;=25> 27827;ﬀ13254 27<DD 25> 27<TAA
],HK^0^0PKHK] 25> 27686=25> 2762:9\25> 27<D2C25> 27@D59713254 227<8:13254 27DDTAC25> 2AF<7E 25>?9
2FE@
],HK^(DTGIHK],J 25> 27;TAﬀ9F13254 2766TAd25> D@TAF8ﬀ13254 2FEO9;=25> 27<86:13254 27DTAF@=25> 27DD59 25>?998D
)KSKYN5JL- 25> 27@;<ﬀ13254 2FE@59713254 27659BA!13254 27D<7EV25> 27;TAA!13254 27@;59F13254 27D278 13254 27<59@
],HK^0 25>?9<@<ﬀ13254 <67EWAd25> AF<@2 25> 2227<:13254 27@D7EV25> 27@8TAC25> 2FE<D 13254 27;TAﬀ9
],HK^0] 25> 27<6;ﬀ13254 278TAF@V25> ED62 25> 27D6<:13254 2FE<59713254 27<59
2d25> 27@598 25> 2FE68
)KSKYDTe 25>?9D59<ﬀ13254?9@6;V25>?9WE82C25> 27D<TA!13254 2FE6<=25> 27;;59\25> 27@;6 25>?9
27@59
abPKJL),+(- 25> 227@TAU13254 @TAF68 25>?9
278<d25> 22:98:13254?9@27@:13254 2:967EV25> 276TAF< 25> 27@TAF6
Nﬀc,&K 3HKabPKJ 13254 22FE6=25> 627<2 13254 276@2ﬀ13254?99@6=25> 27DTAOEV25>?99WET2!13254 27;7E; 13254 2AAFD
JL],HQPKabPKJ,N 25> @59
27; 13254 27<TA72ﬀ13254 27<;2d25> AF@67E 25>?99DTAC25> 27827@=25> 278DTA 25>?9
278TA
JL`f0HK&KJL 3^ 25> <27;@ﬀ13254?99
22ﬀ13254 2:967EV25> 6TA727@ 25>?98DD:13254 227<8=25> 2:9WEE 25> 2:9WE8
/gY[ab&KJL 3^ 25> @59BAF8 13254 227<<V25>?96TA72!13254 2:9;@=25>?9
2FE;=25> 27D659\25> 227<< 25> 27659BA
f0aba(S0/MPK 25> E<598 13254 2:9@;V25> 27@<TAU13254 27<8@:13254 2:9DTA!13254 2AAOE:13254 27<59< 13254 27<;;
^0PKZ(N5)$HK]' 25> 66D59 25> 27D68=25> 27D59BAR25> D68<=25> 22AF8=25> 2AAAC25> 2FE8D 25>?96<2
abPKJL&K`Nﬀc,& 25> AF@TAOE 25> 2278@ﬀ13254 22276=25> @TAﬀ9; 25> <59D7E513254 227@<ﬀ13254 27@59; 25> 227659
J.YNﬀNﬀc,&K 3H 25> 6659; 13254 2Aﬀ9
2=25> 2:9DTAR25>?9BAF<D:13254 2:9@TA!13254 227;59F13254 27D27D 25> 27D<;
N5-LPKJL/MH 25> EE@; 25> 2:9D2d25>?9
27D2C25> 2FE;6=25> 2AF<7EV25> 27@59;=25> 27659< 25> 27<86
abPKJLZKPK)K' 25> 27D2:9F13254 27D276:13254 27<59;=25>?9<7E;=25> Aﬀ9;59 13254 27DTAF8ﬀ13254 27D;8 13254?9<7E@
/hS0JL] 25> 27;TAF6=25>?99<2!13254 27<68=25>?98TAAC25> A72FE8 25> 2FE@<ﬀ13254 2AAA 25> 27<@TA
 S0HK^ 13254 2276@ﬀ13254?9BAA72=25> 2:96;ﬀ13254 2227D=25> 27D7EWAC25> 276;7EV25> 278<; 25>?9WE68
JL S0HK^ 25> 27;87EV25> 27<;<=25> 2A72AR25> 278DD:13254 2AF;<:13254 2AF@;=25> 2227D 13254 27@82
N5-L 3J,c,&KHKZ 25> 27<TA72d25> D7E6TAC25> 2FE<8ﬀ13254 27@66:13254 2FE<59\25> 27@8TAC25>?9DD6 25> D;59;
HKZK)JLZKZKJ 13254 2AF86=25> 27;68ﬀ13254 27D7E8=25> 27D<;:13254?9
27@@:13254 27<66ﬀ13254 @6<7E 25> 27@59BA
abHK],JL 25> 22AOE:13254 27D;59i25> 2276TAR25> 27D@2ﬀ13254?9D278:13254 227<7EV25> 627D< 25>?99
2A
],ab`Nﬀc,&K 3H 25>?9<6<=25> 227<TAU13254 27<59@=25> 2AFD<:13254 27D88:13254 27D;6j13254 2:9;2 13254 27;7E@
&(SbN5)QGIHK^0J 25> 2:9
27Dﬀ13254 276;DV25> 276TAOE:13254 2:9
27@=25> 27D<7E513254 27D276=25> 227;2 25> 2FE8<
-*HK 3ababH3c,& 25>?9
27<7E:13254?9D7E6V25> 278D6ﬀ13254 27<7EWA!13254 27DD;=25>?9<27<=25> 2276@ 25>?9BAF<@
_`],&(' 25> 27<59
2d25> 27@8<ﬀ13254 27<87E513254 27<D<:13254 27D87EV25> AAF66 25> 2FEO9; 25> D227;
GXG 25> 2AF67EV25> 2:9@<ﬀ13254 27DD@=25> 27822ﬀ13254 27D<<:13254 2:9;59F13254 27D8< 25> 2FEWAF;
],HK^0]Q< 25>?99WEDﬀ13254 2AAﬀ9i25> 666@ 13254 27D7E<:13254 2:9DTAC25> 27@7E6ﬀ13254 27<D59 25> 2227;
&K 3Hk)) 25> 2767E6=25> 276@2!13254 2:9BAF8=25> 276TAOEV25> AOE;@ 13254 27DD7E:13254 2276; 25> 27<22
&K 3Hk)Qﬂ 25>?9D2AU13254 2:9<8:13254 2278D=25> 27<276:13254 22A72ﬀ13254 2AFD;ﬀ13254 227<6 25> 27@<@
Y[Z(N5)- 13254 2:9@7E:13254 278;8V25> 27DD6d25> 27D599713254 27DTAF@=25>?9<596ﬀ13254 22788 13254 D<TAﬀ9
N5-LPKJLJ 25> 278;2d25>?9
2782d25> 27@TAF@ﬀ13254 27627<=25> 2AF67EV25>?9@@;=25> 276DD 25> 276<TA
abPKJ.GIHKabH 25>?996Dﬀ13254 27DD@V25> 27D59<d25>?9
2767EV25> 2278<:13254 27;D2d25> 2AF@8 25> <7E@2
YNﬀS0 25> 2762AC25> 27D59























































&('*),+(-.ﬂ0/ 13254 27<TAF<V25> DDTAF6ﬀ13254 2:98D=25> 27827D=25>?99;59F13254?9@8@:13254 227<8 25>?9;;6
GIHKJL 3/M/MJ,N 13254 2AF86:13254 2FEWAF8:13254 227@7E513254 2:967E513254 2FE@@=25> 27<59BAR25> 2:9D6 25> <27;D
&('*HQP(N5)2 13254 2FET2:9i25> 22AFDﬀ13254 27D;TA!13254 227@6:13254 27<82!13254 276<2d25> 2:9;7E 25> <<@;




],HK^02GIHK],J 13254 2FE;;V25>?9D67E=25> 22FE;:13254 2:9@D:13254?98<TAC25> 278@;d25> 27<;2 25>?9WEWAF<
],HK^02_`JLZ 13254 2:98TAd25> 27;DDﬀ13254?9<27<=25> 2:9DTA!13254 2FE8@ﬀ13254 27@596=25> 27@D@ 25> D659
2
],HK^0abH3c,& 25> 276TAF@ﬀ13254 2767E8:13254 27<59@=25> 276@<=25> 276DTAC25> 22FEDd25> 27D68 25>?9WE<59
],HK^0^0P(Nﬀc,& 25> <;59
2 13254 27@6D:13254 2:9D8:13254?9@TAAC25> 227;TAU13254 27D@@:13254 27@596 25> AF@<59
],HK^0^0PKHK] 25> AF<@@ 25>?99<2C25> 278859\25> 27D@59\25> 2:9@8=25> 2:9@;d25> 27@@D 25> DTA72A
],HK^(DTGIHK],J 25> 2FE<7EV25> 278596d25> D88TAC25> D@TAF@=25> 2:9;2d25> 2:9@8ﬀ13254 2FE@@ 25> D66D
)KSKYN5JL- 25> 27<@;=25> AF<7E< 13254 2:9<<=25> 227@<:13254 27;@7EV25> 22278ﬀ13254 27DD; 25> DD;8
],HK^0 25> 2:988=25> 227<<d25> D59BAAC25> 27D@6=25> 27;2:9\25> 2:9@7E=25> 2:9BAF8 25> Aﬀ98@
],HK^0] 13254 27D7E8:13254 2787E6=25> 2AF;TAC25>?96@<=25> 27@8;=25> 2AF@6d25> 22FE8 25> @;@59
)KSKYDTe 13254 22:98:13254 27D599\25> 2FE6TAC25> AF6D@ 25> 2:98TAC25> 2AF67E=25> 276596 25> <D8<
abPKJL),+(- 25> 2:9659\25>?9WEE@d25> 22:9<=25>?9<D;=25> 27<<;ﬀ13254 2762FEV25> 2FE<; 25> A7227@
Nﬀc,&K 3HKabPKJ 25>?9@<<ﬀ13254 DDD<=25> 2788@:13254 27@8<=25> 227@TAC25>?9WE8TAU13254 2AF@@ 25> @D@59
JL],HQPKabPKJ,N 25>?99BAF6=25> 27<@Dd25>?9
27<<:13254?9
27;;=25> 27@6<=25> D<27@d25> 27;6TA 25> 659D7E
JL`f0HK&KJL 3^ 13254 2AF6@:13254 22FE<:13254 2:966=25> 2FEO9@=25> 276D8=25> 2:98Dd25> 22AF; 25> @6TAﬀ9
/gY[ab&KJL 3^ 25> 27@7ET2!13254 27DTAFD:13254?9@22d25> 227<6:13254 2:9@Dﬀ13254?9<@TA!13254 27@DD 25> <@659
f0aba(S0/MPK 25> 27D7E;ﬀ13254 22AF;=25> 27;7E@=25>?9D@7E513254 227D<ﬀ13254 27<7E@=25>?962FE 25> @;8D
^0PKZ(N5)$HK]' 13254 227659713254 27D<8=25>?9WE;<:13254 27;@2ﬀ13254 2:9
276=25>?96TAF<ﬀ13254 2:99< 25> 659@<
abPKJL&K`Nﬀc,& 25>?96D6ﬀ13254 227;59\25> 27<@<:13254 276598=25> 2:9DD=25>?9966d25>?9
278D 25> 6@82
J.YNﬀNﬀc,&K 3H 25> 27@6@=25> 27D<@d25> 27@D<=25> 27;7EO9\25> 2:9;TAC25> 27;6;d25> 27627D 25> AF;59
2
N5-LPKJL/MH 13254 22AF6V25> 2767EO9l25>?998;=25> 27<TA72d25> 2AF6@=25>?9
276Dd25> 27888 25> 66;8
abPKJLZKPK)K' 25>?9<;6=25> 2FEWAF;ﬀ13254 2787E<=25> 2A722ﬀ13254 227D2!13254 276<TA!13254?9
27@< 25> D66TA
/hS0JL] 13254 27<;59713254 2768TAC25>?9D88:13254?9BAF6@:13254 27D67EV25> 2278<d25> DD<8 25> <D7E@
 S0HK^ 25> 2:99D=25>?9;TAF;d25>?9<<7EV25> 27;<2d25>?9D87E:13254 227<TAC25> 27;DTA 25>?9@TAOE
JL S0HK^ 25> 2:9WE8ﬀ13254 27D22ﬀ13254 27<67EV25> 27D8@=25> 27D6D=25> D@@59 25> 2:96TA 25> 27;6@
N5-L 3J,c,&KHKZ 25>?9982d25> 227<6d25> 227@<=25> 276TAF6=25> 27;68=25> 22AOE=25> 2AFD8 25> DDTAF@
HKZK)JLZKZKJ 13254 27<D59713254 2Aﬀ9<=25> 2:9@7E513254 27DTAF8=25> 2:9WE<ﬀ13254 2:9;;=25> 27D;2 25> <@599
abHK],JL 25> 27D27@ﬀ13254 2AF@TAC25> 2:9<<=25> 2278TAC25> 27@27D=25> 27D<6d25> 27<59D 25> <;7E8
],ab`Nﬀc,&K 3H 13254 27D6D:13254 2AFD6=25> <@;< 25> 27<276:13254 27<@2!13254 27<TAOEV25> 2:9D; 25>?96859
&(SbN5)QGIHK^0J 25>?9@62d25> 27D278d25> D8D2d25> 227@TAC25> 27<2AC25> 2276TAU13254 227D59 25>?9D59WE
-*HK 3ababH3c,& 25>?9@TA72!13254 22FED:13254?99




2FEV25> 27822!13254 27687E 25> D;<59
GXG 25> 276TAFDﬀ13254 276;TAC25> 2:9D@:13254 227;TAC25> AAF<@ 13254 27<@@:13254 27D<TA 25> DDTAF<
],HK^0]Q< 25> 2Aﬀ9Dﬀ13254 227@@:13254 2AF6@:13254 22FE<:13254 27DTAF<=25> 27D7EWAU13254 22AF@ 25> AOET2A
&K 3Hk)) 25> 2:9WE<ﬀ13254 2:9BAF6=25> 22FEE513254 227@2d25> 2AOEWAU13254 27@TAOE513254 27D7E6 25> D@59D
&K 3Hk)Qﬂ 25> 27<596ﬀ13254 2:99D:13254 227D2d25> 27D@2d25> 2278;=25> 2:9@2C25> <@<7E 25>?9BAOE6
Y[Z(N5)- 25>?9D<@=25> <222!13254 227;6:13254?99D;:13254 27;<<ﬀ13254 27859;:13254 2AF<6 25> D59WEWA
N5-LPKJLJ 25> D7EO98ﬀ13254?9<2AC25>?99
27@=25> 27DD8=25> 2:9WE;=25> D@27< 25> 2:9D59 25> DD7E<
abPKJ.GIHKabH 25> 2AAF<=25> 27<@8d25> 2:9@59713254 27<82d25>?9<27;ﬀ13254 2FEO9;=25> 27659< 25> D278D






















' 0  
 zx=%|#?$7A@ vA:*y y	:* 5xx :#=5y	
A:<7  :r@R:*y 
y'5Z7 y%wvA:<989y }Wz?7 v$5;: .:#=	= R 5;:#=':

	 




q<KiQFKiEHEHOv[LOvawoDY`H]v[LOR\H]RORkKk[LO aVGefXgEHG;]R]4 nPp EZrkKiCHCKiCHcKiCHEG;ORCHG;QFY`H]v[LOR\H]RORkKk[LOvaVG;CAQWG;YZOR\KiILKNo


















Z 	Pm j`HI ﬁ





#KiEKiILK wKNo ﬂKk[LQWXVCgos<G;IWCHQWbdcjKk[Ll;G;IWQmUVG;QWbdcjKk[Ll>[8pgs<XVCPEHG;CHl;ORCw[LG;IxaiKi]R]RGn j`HIEHORGtUVG;QWbdcjKk[Ll>[LG;C87Io










 ﬂdﬀw ﬂ  

	 
	   ﬂﬀ /ﬁ%&7 3 ﬂ"ﬀ+3/ 0!.% 3 0! 
 
%
7|G;CHQWX ^TORG |G;ORY IWG;ORC KiEHEHOv[LOvaVG;C efXgEHG;]R] 4 nPp jYZORC suKi\HOv[LG;]3nPp E ^TORIWE EKiQKiEHEHOv[LOvawo
Y`H]v[LOR\H]RORkKk[LOvaVGZefXgEHG;]R]@4.jgpBJIkZuUVG;G;ORUVCHG>[F[LILKiCHQxXVIWYZORG;Ix[8QWX$EKﬁlAEHORG`HC |G;kKiCHCw[LG1`HCHw[LORXVC
 p4:sZ'iG;ORCHG#STXV]R]RGn|G;OEHG;IngbdcjKk[Ll;`HCHUFEHG;ImG>[W[LXVYZORG>[LGtQW\HORG;]v[8pVBDY K<G;UVG;CHQLKk[Lll;`ZEHG;Y{KiEgo








































































































































\    H\
























qrORGTYZOv[W[LG;]RQEHG;Q #KiEK wKiILKNo ﬂKk[LQWXVCgos<G;IWCHQWbdcjKk[Ll;G;IWQ UVG;QWbdcjKk[Ll>[LG<|G;EHORCHUi[LG
7Ix^ KiIx[L`HCHUVQx^nG;Ix[W`HCHw[LORXVC j`HItEHORGuG>[W[LXVYZORG>[LGR4YZOv[ aVG;IWQWbdcHORG;EHG;CHG;C7M KiCHEH|HIWG;Ov[LG;C`Z p

	 
	 ﬁﬀﬃﬂﬀ "!#$ﬂ%&ﬁ! '(*)ﬀ+$,I!.ﬂ1 ! 0/0%&%&! 7&)-ﬁﬂ  ! ﬀ -ﬁ7  !
 30/ )ﬀﬃﬁ!	 !  /ﬁ1ﬃ$!;/ DﬂSﬀﬃﬂ&-0/ﬁ1 %S!.ﬂ&$!
qrORGTXV|G;CZUVG;CKiCHCw[LG;C |G;EHORCHUi[LG;C87Ix^ KiIx[L`HCHUVQx^nG;Ix[LG#^T`HIWEHG;C CHORbdcw[L\KiILKiYZG>[LIWORQWbdcYZOv[W[LG;]RQ'EHG;Q
#KiEKiILK wKNo ﬂKk[LQWXVCgos<G;IWCHQWbdcjKk[Ll;G;IWQZUVG;QWbdcjKk[Ll>[8pz#]RQ s<G;IWCP`HCHw[LORXVC^T`HIWEHG1EHG;IRKuKi`HQWQos<G;IWC
aVG;Ix^nG;CHEHG>[8pn#j`HIŁEHORG;QWG;C s<G;IWC kKiCHC EHORG XV\P[LORYKi]RG9M KiCHEH|HIWG;Ov[LG H EH`HIWbdc EHORG1Ki`PugG;Ov[LG j(B
G;ORCHUVG> j`HcHIx[LG<Ki`HQx[LIWG;UVG;]aVXVCgOR]vaVG;IWYKiC34 EHp IkZm|G;Qx[LORYZYF[m^nG;IWEHG;C_p#j`HI `HCHQWG;IWGq<Kk[LG;C G;IWUVOR|P[
QWORbdcfG;ORCHG<UVG;QWbdcjKk[Ll>[LGFXV\P[LORYKi]RG@M KiCHEH|HIWG;Ov[LG
E






















ORGrKi`HQ EHG;I z#|H|HOR]REH`HCHUFcHG;IxaVXVIWUVG;cw[8HG;IWUVOR|P[nEHG;It#KiEKiILK wKNo ﬂKk[LQWXVCgos<G;IWCHQWbdcjKk[Ll;G;ItYZOv[nEHG;I
UVG;QWbdcjKk[Ll>[LG;CXV\P[LORYKi]RG;CHM KiCHEH|HIWG;Ov[LG
E
H ~I  HﬂG;ORCHGgbdcjKk[Ll;`HCHU EHG;QKi`PFEHORGAXVcHCPjKibdcHG
|G;EHORCHUi[LG;C 7Ix^ KiIx[L`HCHUVQx^nG;Ix[LG;QtEHG;ImG>[W[LXVYZORG>[LGiwEHORGt^nG;EHG;ImQWG;cHInUV]hKk[W[{4EKiCHCjXVCHCw[LG;C^TORbdcgo
[LORUVGqrG>[dKiOR]RQTaVG;IW]RXVIWG;CA^nG;IWEHG;C`Z#CHXgbdc$QWG;cHI<ILKi`Hc 4EKiCHCAjXVCHCw[LG;CqrG>[dKiOR]RQcHG;IxaVXVIx[LIWG>[LG;C_yEHORG
QWORbdc C `HI Ki`PUVIW`HCHE*EHG;I `PWjKi]R]RORUViG;Ov[EHG;I  [LORbdcH\HIWXV|GG;IWUVG;|G;C cKi|G;C`ZŁORQx[`HCHE EHG;Qx^nG;UVG;C
aVXVIWUVG;l;XVUVG;C ^TORIWE_pgz#]RQ MnG;ORQW\HORG;]G;ORCHG;Ij`H|G;IWUVG;UV]DjKk[W[LG>[LG;C `HCHw[LORXVC_gEHORGORY MnG;IWG;ORbdc EHG;I YZOv[W[xo
]RG;IWG;CŁXVcHC `HCHUVG;CKi\H\HIWX8MPORYKk[LOva]RORCHG8KiI	aVG;IW]DjKi`P [`HCHE EKiYZOv[EHORGtqrG>[dKiOR]RQaVG;IW|HORIWUi[8wkKiCHC EHORG
gbdcjKk[Ll;`HCHU<YZOv[+H8 BJn  ~}T|G>[LILKibdcw[LG>[	^nG;IWEHG;C_p`4 7	MPG;YZ\H]hKiIWORQWbdcFQWORCHEFEHORG gbdcjKk[Ll;`HCHUVG;C EHG;I	|G o
EHORCHUi[LG;C 7Ix^ KiIx[L`HCHUVQx^nG;Ix[LGtaVXVCŁl>^nG;OKiCHEHG;IWG;C Kiw[LXVIWG;CORYz#CHcKiCHUoMEKiIWUVG;Qx[LG;]R]v[8p ZgX3^nXVcH]
EHORGKi`HQWUVG>^FjKicH]v[LG;CAUVG;QWbdcjKk[Ll>[LG;C 7Ix^ KiIx[L`HCHUVQx^nG;Ix[LG EHG;I<G>[W[LXVYZORG>[LGFKi]RQ#Ki`Hbdc$EHORGMnG;XV|Kibdcgo
[L`HCHUVG;CEHG;I2mKiIWOhKi|H]RG;C<G>[W[LXVYZORG>[LG`HCHEuXVcHCPjKibdcHGQWORCHEORC<z#|H|HOR]REH`HCHU{jgp~} EKiIWUVG;Qx[LG;]R]v[8p3#j`HI
Ki]R]RGXVcHC `HCHUVG;C_EHORGr ]RG;ORCHG;ITKi]RQ@B#jﬁI Y QWORCHE_HORQx[TEHORGrUVG;QWbdcjKk[Ll>[LG 7Ix^ KiIx[L`HCHUVQx^nG;Ix[W`HCHw[LO o
XVCEHG;IG>[W[LXVYZORG>[LGŁG;ORCHGŁORCEHG;IrXVcHCPjKibdcHGZl;`HCHG;cHYZG;CHEHG`HCHw[LORXVC_p_z#]R]RG;IWEHORCHUVQ#WjKi]R]v[rEHORG
`HCHw[LORXVCZORC EHG;IXVcHCPjKibdcHGT j`HIXVcHC `HCHUVG;C_gEHORGtUVI3jXYlVG;ImKi]RQ;B#jﬁI  YQWORCHE_p qrORGtYAjXVUV]RORbdcHG;C





	    3/0!;/ﬁ,./$!.ﬂ$2ﬃﬀ 
 
! 7&)-ﬁﬂ0!;/ 1 !.%&*)ﬀ+$, $!;/ DﬂSﬀﬃﬂ&-0/ﬁ1 % 
S!.ﬂ& 0!.ﬂ  !# $3 !#$!
rIWXi[LlrEHG;Qt`HC |G;kKiCHCw[LG;CA`HQLKiYZYZG;CHcKiCHUVQnl>^TORQWbdcHG;CfEHG;ItG>[W[LXVYZORG>[LG#`HCHE1EHG;InXVcHCPjKibdcHG
ORQx[G;QYAjXVUV]RORbdc_is<XVCPEHG;CHl;ORCw[LG;IxaiKi]R]RGn j`HIEHORGTG>[W[LXVYZORG>[LG l;`ZiXVCHQx[LIW`HORG;IWG;C_p q<Ki|G;OP^T`HIWEHGt j`HI
WG;EHG;C$G;Ix[rEHG;IrUVG;QWbdcjKk[Ll>[LG;C 7Ix^ KiIx[L`HCHUVQx^nG;Ix[W`HCHw[LORXVCEHG;I<G>[W[LXVYZORG>[LGFG;ORC^TORGFORC4 EHpB 	kZ
EHG>CHORG;Ix[ Ki\H\HIWX8MPORYZORG;Ix[LG;Q KiQgYZ\P[LXi[LORQWbdcHG;Q \H`HCHw[D^nG;ORQWG;QGXkjos<XVCPEHG;CHl;ORCw[LG;IxaiKi]R]T j`HIEHG;C




















qrORGTYZOv[W[LG;]RQEHG;Q #KiEK wKiILKNo ﬂKk[LQWXVCgos<G;IWCHQWbdcjKk[Ll;G;IWQ UVG;QWbdcjKk[Ll>[LG<|G;EHORCHUi[LG
7Ix^ KiIx[L`HCHUVQx^nG;Ix[W`HCHw[LORXVC j`HItEHORGuG>[W[LXVYZORG>[LG<`HCHE\MnG;XV|Kibdcw[L`HCHUVG;Cf j`HITEHORGuG>[W[LXVYZORG>[LGip
\HIWX8MPORYZORG;Ix[LGKiQgYZ\P[LXi[LORQWbdcHG Xkjos<XVCPEHG;CHl;ORCw[LG;IxaiKi]R]RGA j`HIfEHG;CﬁKi`PEHORG$XVcHCPjKibdcHG|G o
EHORCHUi[LG;C 7Ix^ KiIx[L`HCHUVQx^nG;Ix[fEHG;I G>[W[LXVYZORG>[LGQWORCHEl;`HCjKibdcHQx[  j`HI >G;Ix[LGAEHG;IXVcHCPjKibdcHG
EKiIWUVG;Qx[LG;]R]v[ 4QWORG;cHG<z#|H|HOR]REH`HCHURjgp nPpB#Z pHq<KiYZOv[nQWXV]R]|G>[LXVCw[T^nG;IWEHG;C_EKﬁl G;QtQWORbdc1`HY EHORQW IWG>[LG
s<XVCPEHG;CHl;ORCw[LG;IxaiKi]R]RGt`HCHECHORbdcw[m`HYQx[LG>[LORUVGs<XVCPEHG;CHl;|jKiCHEHG;IncKiCHEHG;]v[8pVBDCz#|H|HOR]REH`HCHU jgp nPp~}
^nG;IWEHG;CŁEHORGns<XVCPEHG;CHl;ORCw[LG;IxaiKi]R]RG j`HIXVcHCPjKibdcHG;C_iEHORGm ]RG;ORCHG;I	Ki]RQXgEHG;IUV]RG;ORbdc5B#jﬁI  YQWORCHE_
EKiIWUVG;Qx[LG;]R]v[8p
z#|H|HOR]REH`HCHU5jgp EZl;G;ORUi[EHG;CG2G;IWUV]RG;ORbdcfEHORG;QWG;I#KiQgYZ\P[LXi[LORQWbdcHG;CAs<XVCPEHG;CHl;ORCw[LG;IxaiKi]R]RGuYZOv[tEHG;Cgo
WG;CHORUVG;CZKi`HQEHG;IsM; doxefG>[LcHXgEHG 4QWORG;cHG#gG;Ov[LG;C9j HF	pi j`HImqrG>[dKiOR]RQ	EHG;InefG>[LcHXgEHGJZ p*7ORC |G8Kibdcw[xo















EHG;C UwKiCHl;G;C MnG;IWG;ORbdc EHG;IXVcHCPjKibdcHGfQWbdcHYKi]RG;I;p'q<KiIij`H|G;IŁcHORCKi`HQ^TORIWEEHG;I>6Cw[LG;IWQWbdcHORG;E
agORG;]UVI3jXYlVG;ImORY MnG;IWG;ORbdc EHG;InUVI3jXYlVG;IWG;CXVcHC `HCHUVG;C_g^nXC `HIm^nG;CHORUVG*MnG;XV|Kibdcw[L`HCHUVG;C  j`HInEHORG
G>[W[LXVYZORG>[LGaVXVIW]RORG;UVG;C_pgz#`plVG;IWEHG;Y G;IWUwKi| QWORbdc iG;ORCHG;C QW`H|HQx[dKiCw[LORG;]R]RG;C-6Cw[LG;IWQWbdcHORG;EKi`HQ EHG;Y
2G;IWUV]RG;ORbdcl>^TORQWbdcHG;CEHG;CEH`HIWbdcﬂEHORG r`KiCw[LOR] oxefG>[LcHXgEHGŁ`HCHEﬂEHG;CEH`HIWbdcﬂEHORG5M; doxefG>[LcHXgEHG




















2G;IWUV]RG;ORbdc l>^TORQWbdcHG;C MnXgXi[LQx[LILKi\Xkjos<XVCPEHG;CHl;ORCw[LG;IxaiKi]R]RG;C YZOv[W[LG;]RQ
EHG;I M;%







'(*)ﬀ+$,.-0/ﬁ1 0!.% ﬁﬀﬃﬂﬀ "!#$ﬂ%&ﬁ!;/   !; 
















































































































efOv[  OR]vGG;ORCHG;QOv[LG;ILKk[LOvaVG;CC `HYZG;IWORQWbdcHG;C r\P[LORYZORG;IW`HCHUVQLKi]RUVXVIWOv[LcHY`HQr^T`HIWEHG;C EHORG #s o





4CBJX?>kjYZ  pXYIYn*F	pV j`HIG;ORCHGEHG>[dKiOR]R]RORG;Ix[LGqMnG;QWbdcHIWG;OR|H`HCHUZ pP#Kibdc\BN}<B [LG;ILKNo
[LORXVCHG;CiXVCwaVG;IWUVORG;Ix[LG;C EHORGrgbdcjKk[Ll;`HCHUVG;C4 s<XVCwaVG;IWUVG;CHl; IWOv[LG;IWOR`HYfPqrORGTIWG;]hKk[LOvaVG 2G;I3jKiCHEHG;IW`HCHU










 ($3ﬃ%&ﬁ!   3/0!;/ﬁ,./$!.ﬂ$2ﬃﬀ 
 
!S-0/   !.% $% 7&)-ﬁﬂ 0!;/6%&!
 ﬁﬀﬃﬂﬀ "!#$ﬂ%&ﬁ!;/ '(*)ﬀ+$,I!.ﬂ


































 4 2?^ B 4*G 4 22

Y  2ﬀYB;: 4*G [-[1^ :





4*G 41^1Y 4 4*G 4;B ?^ Y  Z-Z4*Y 4




4*G 4 ?^ B 4*G 4ﬃ9?Zﬃ9 Y  YZ*Y 4
 Y 2ﬃB 2






 4 *44 4*G 41^1YZ

4
 :-Z  4*G ^ ﬃ:;:








 4 2 9 4*G 4;B;B;B

Y  ?^ B1^ 4*G Zﬃ9.22






4*G 4*Y:  4*G 4 2[4 4*G [;:  4*G 2?^_[-[

4*G 4;B-[  4*G 41^1Y)9
 /&
ﬂ
4*G 4 2ﬀY 4*G 4 2?^_Z 4*G [-Z1^ : 4*G Y[ﬃ9ﬀ^






 4 2[-Z 4*G 4;B ﬃ:

4
 [*Y 4;B 4*G ^_Z*Y-Y






 4 [  4*G 4;B1^-^

Y  *4;: 4*G Z;B-Z 





4*G 44;:*Y 4*G 4;B*Y_^ 4*G YZ 2ﬀY 4*G 9.2ﬃB-[





4*G 4*YﬀY 4*G 4ﬃ9[ 4*G B 2[1^ 4*G B1^1Y 2

4*G 41^ 9?[ 4*G Y 4ﬃ9?Z
 /   
4
 4*YZﬃ9 4*G 4ﬃ96B 

4
 9;96:-Z 4*G :1^*2

4*G Y 4ﬃ96: 4*G 4;: ?^
   
4
 4ﬃ9(Y-Y 4*G 4ﬃ9 9

4
 Z4ﬃ9 4*G [*Y_^1Y

4*G YB4*Y 4*G 4ﬃ9ﬀ^_Z
  
4*G 4-Zﬃ96: 4*G 4ﬃ96Bﬃ9 2  Y_^_Zﬃ9

4
 4*Y)9ﬀ^ 4*G 44-Z  4*G Y_^_Z1^
    
4
 4*YZ;: 4*G 4;:*Y-Y

4
 B 2ﬀY 4 4*G : 2Z

4*G YB-Z;B 4*G Y 44*Y

,/$ﬀﬂﬁ
4*G 4;B-[;: 4*G 4 22ﬀY Y  ^ 9;9 4ﬃ 4
 4ﬃ9 4;:






 Y 2Z 2 4*G Y[-[*Y

4
 :-[;:;: 4*G ^ ﬃB-[






 4 2[-Z 4*G 4;B;B-Z

4
 [ 2[ 4*G [4;B*Y






 4*Y[4 4*G 4;B *4

4
 ﬀYB  4*G :-Z;: 2






 4;B;:-Z 4*G 4;B ?^

Y  4;Bﬃ9 4 4*G [ﬃ9?Zﬃ9






 4-Z ﬀY 4*G 4;B-Z;B



















4*G 4;B 2?^ 4*G 4;B  9 4*G Z 2 9 4*G Y_^-^ 9





4*G 4 2 9?[ 4*G 4 2ﬀYB Y  Y: 2[ﬃ 4
 Y 22







 4;B  9 4*G 4 2ﬃB4

Y  ﬃB-Z  4*G Z;B-[ 2







 4*YB-[ 4*G 4;B1^ :

4
 B;:;:*Y 4*G :ﬃ9.2Z














4*G 4 2 96: 4*G 4 2ﬀY[ Y  Y 2 9 4ﬃ 4
 YB4 





4*G 4-Z;B;: 4*G 4 2 9.2 B
 [;:-[ 2 4




4*G 4-Z*Y)9 4*G 4;B-Z 2 2  B;Bﬃ9.2 4





4*G 4 2?^  4*G 4ﬃ9.2?^ 4*G :ﬃ96B;: 4*G 2Z-Z






4*G 4*Y_^ 9 4*G 4;B4 2 4*G ?^-^ 9 4*G 2[*Y[








 4;B;:;: 4*G 4 ﬀY 4

4
 ^1Y[;B 4*G ^ :;B1^







4*G 4;: 22 4*G 4;Bﬃ9?Z Y  ^_[ 2[ﬃ 4
 4;B1^ B

















4*G 4 2Z4 4*G 4 2[1^ Y-G 4*YB 2 4*G Y




















4*G 4*Y:1^ 4*G 4ﬃ9[ 4*G B;: ﬀY 4*G B ?^ 

4*G 41^ B4 4*G Y 4;: 
 ?>1'& ﬂﬃ ﬂ&? 6ﬃ +-&*ﬃ F(,_'&? 24ﬂﬃ

































6;5;: <>57?=<8O8: ?;4E <>E?> 9;=
,-






/6;=76846 /D:;684:PFE <>: ?;453/D5 03<>6845
*,-".
























































































































































4: GI4= 03= /6p7
*
<>68:;<bo^1/D:;2@?;45vE <>:;24J)DO4F2<>4: 034:










































































a{"?;<>46C/D: 03<>Jb:+45 034 4<>:;45











P¡  :> : 9$4
0353/
,-












/D:;?;<>684:: <>4 9$4<>E 574?#6;2<>45 034:h O?;4J>J#:56;57?;4: :6;5 ?;<>4ﬁaﬂ









ﬀ ,9pﬀﬃ! 0ﬀ " / ﬀ
574= 03J><
,-

















































/D:;?;4:;=74<>: 4<>:;4=ﬁ> 6p7 26;68=K ?;<>4> 6;=757<
,-
0m6;:;6 ?;4=




















































































:6;:;684: 26;=3/DEFEF4:;6847 /ŁD0ﬃP\8 /97
.



























  E L /
-
EF4:v<8O8: /D?;?;< 03<b< M E6;J 03<>A;J><)1/103<b<84:!h O?;4J>J>4:F=7<>:;?F?;<>4 2:+4< 7 O8J>684:;?;4:&> J 03457:C/103<b<84:
26;5+4574
,-
:6;:;6¢<8O8:;f O8:poC?;4:;2<>: 0345i<D/DJ>J>4: 6844<>68:;4





4Of O8:poC?;4:;2<>: 0345i<D/DJ>J>4 6;:;?@2:+4< 034:;= EF< 07034J>=+OOD03= 0353/DA 684=
,-".
/1032
034Of O8:poC?;4:;2<>: 0345i<D/DJ M
J>4DPF8 <>4B+OOD03= 0353/DAM GI4
,-
:;<) <>= 0 4<>:p7 /
,-




E =:56;57?;4@?;<>4&N /D57<)/D: 034 ?;4=-Hg: <>J>?;4:#J?+OOD03= 0353/DA;= <845i:+4:;?;4





57<>49$4: :56;57?;4DP\8 45 N O85 034<>JI?;<>4=745 N /D57<)/D: 034B9$4= 034
-
0 ?C/D57<>:K$?C/Ł@?;<>4MN 45724575%6;:;6 ?;45
*,-".




















$*¢  "$m )ﬀﬂ 12























4: ?;4E N O85
-
/D:;?;4:;=74<>:











































 /DJ)DO8:;O857<>4: 03<>45%6;:;6 684684:
.

























































4< 0 6;:;? ?C/D=N O85
-
/D:;?;4:M



































































































































































  : ?;<>4=74E > 9;=
,-
:;< 070n:+457?;4: f O8:poC?;4:;2<>: 0345i<D/DJ>J>4 7
.
6;5 ?;<>4 ﬁ 5%6;:;?;EF<>4




4:=h O?;4J>J <>= 0 ?;<>4 ﬁ 5%6;:;?;EF<>4


























































































































































































034 26;685%6;:;?;4 J><>46D0ﬃP 4< 0345
-



















O{Ł84 <>: G /D9$4J>J>4M@P c ?C/D57684= 034J>J 0ﬃP
8 <>4 ?;57< 07034
*











4ﬁh < 07034J/DJ>J>45L 57O868:;O1M
=74:+45 034G7
.

















  : ?;45\<<>45 034:
*


























4 L 57O868:;O8=74:+45 0 c@{KMgfﬁ   
 O;:6;:;6














































h <J>= ?h;O?F?=O: <>J>?:%+OO3=ﬀﬁDA;=Mf O8:poC?:ﬂ<>:ﬃi<ﬁDJ>J	<>:;<>6















:+O+')42ﬁ6.;?5$3 ?&ﬁ, O+'6+ﬂ: P\6.ﬃ&6&ﬁﬀ)>J ? E7)J, ?,2+OO,ﬀﬁDA,$,)>E6;J)'M
. N4ﬀ)>J)6./ ?ﬁ$%6.;?;E7)8+'ﬂ)9-..P 8 ), 5ﬀ$.ﬃ,7A9-. ?E O+'.:+ﬂ: P
6.ﬃ.n5ﬀ1).,Xf O.poC?.ﬂ).ﬃi<ﬁDJ>J,7#6 ?)2ﬁ$%6.;?;E7)DP
>;./,)9-ﬃ, ? E!/+.),,ﬁ.. E0ﬁ.n7<,ﬀ,ﬀJ>J.Kﬂ?&ﬁŁ ?)K?#69-=  ?o&.)ﬀ>ﬁ./
?M ?.ﬃi<ﬁDJ>J E7) ?M O.6./,/@O{Ł7ﬂ6.)>EFE ﬃP ") ?AB9-Cﬁﬂ6./=D,E,F7)G&ﬁﬁF7NM
),9-.Ih OBDJ>J, 7#6ﬀ$D&ﬁ,N O7J)/.e<8O. :".)/.%"O+&ﬁ9-ﬃm6./.7#68)..H+',ﬀ)F7F M
. G
4















































ﬀ ,9pﬀﬃ! 0ﬀ " / ﬀ

' ,9ﬃ!  






















































>ﬁ./"D¡f O.po&D.ﬂ).ﬃi<ﬁDJ>J>F7) D>ﬁ$@O{Ł"D  OM
.6./ﬂ6.)F7F ﬃP8 >&ﬁDJ+'X ?.ﬃ(6&ﬁﬀ)>J*ﬁ+,ﬀ-ﬁ.D0+')'D"F7)3J.! O.6./),ﬀ"+;J)9-
/@O{Ł8ﬁDJ,1+')UD8, J)..¢6.D  J)..e O.6./;P
A
6e:"). "),G)J.D>;.M
:".D#6./n<8O.5,7O8J9-. G 9-.) .5ﬂ6AB9-Cﬁﬂ6./n<8O.If O.po&D.ﬂ).ﬃi<ﬁDJ>J. )F L1ﬁF7.
















8 0,ﬀ%$ )'&1D),&>;+')0+'7 ﬁŁ ,)9- F7)7D. ).,ﬀ)m6K)'(.)&'&.6.D )(),9-.
ﬁ$%6.D*&*ﬁ/.7)., +%/,,)'(.,F7),G)/)&,K{: ﬁ.D0)F ﬂ:").-$ )'&Iﬁ6,i7#6.&)9-0ﬁ6p7 D)
E!.ﬃ :%)9
/&)6./ ).,6.6. ﬁ0&'&/F7)..;h1(BD)&'&,).,vh),G)/)&,).//ﬃﬁ./.V:5632
D048 ),,Oh1(BD)&'&U&ﬁ8.)9-ﬃ$D)6ﬁ0G)'()5+%,ﬀ) ﬃ)'(..=D$ﬁ.D.-h1(BD)&'& 6.DH,ﬀ)&'&
,.(F7)0).+N4ﬁ0&'&/F7).%6./ D&ﬁK>D64 64"D) ﬁ.D.h1(BD)&'&n (... ﬁ0&, ABG'ﬂ)*ﬁ0&b7ﬁ0&'&
).ﬃG)ﬀ:"D.64
8$ﬁ,,ﬀfﬁG))& +',9-)+JD&ﬁ, f7(.ﬂGK ).,h),G)/)&,O6.D5,).8+(9&'&)F:+1ﬁ;2
F7. D, h)9-ﬃ,0).U8 6K,9-*&*ﬁ.D648 ):/,ﬂ)&)9-. ﬁ$%6.D*&*ﬁ/.;7#6h),G)/)&T).
8 6K,9-*&*ﬁ.D:56D. ﬂ6.Cﬁ9-,ﬀ @(ﬀﬀ<4F8 )> 6p7</ﬃﬁ+'. ).,&h),G)/)&,	,.(ﬂ:%):,).
N=(326.D!;ﬁ9-ﬃ)'&:56D.6+'.p7 ﬁ0&'&, D),%6K)ﬀ<498$ﬁ6+' ).&ﬁ6, :56D.6ﬂ:")^h*(BD.















GA(,T)./7#6ﬀ.K9:")&9-%+',ﬁ/.KD&ﬁŁ$.(/.ﬁ 6K D#69-7)l"&ﬁﬁﬃ),ﬀ) ﬁ8/B2
..ﬂ)9-.1,).D&6.D , D)l"&ﬁﬁﬃ),ﬀ) ﬁE,).DKBD);D. f7(.,%6F7.ﬃ. ).. X6Kﬂ.
,ﬀ)b7 .64
A
:")'F7) L.(I({0(.*(F7),9- h1(BD)&'&57C(9&/.Kﬃ.CﬁFD&)9-	D&ﬁ,TAL-ﬁ.D&ﬁDFD(BD)&'& DL!.(E2
D#6#ﬃ)'(.,ﬀ)()ED,
3











l"&ﬁﬁﬃ),ﬀ) ﬁ!7#6%D.e(.6./,F0ﬁ%ﬃ8ﬁ.&ﬁ.D ).,+"),G))&,%)'&'&)6,ﬀ)ﬀ<4#8 )OE!)/.;2
,9-&ﬁ97 .=D),ﬁh1(BD)&'&E.&*ﬁ6+'.KI+',ﬀ)F7F M> 6,,ﬁ/.¢7#61D)E!,ﬀ)&'&)6./v<9(. +%/,32





 ?. ).F ﬂ:").@$ )'&>D!>;+') :56D:ﬁ6,i7#6.&)9- ﬁ6p7%D) E!.ﬃ :%)9
/&)6./H).,6ﬁ0&'&/B2
F7)..h1(BD)&'&,4)., +%/,,)'(.,F7),G)/)&,!).//ﬃﬁ./.648$ﬁ+')#:56D1).0ﬁDD))b< 2
F6*&)G*&) ﬁ)b<,,F7)G&ﬁﬁF7),9-, +%/,,)'(.,FD(BD)&'&7#6D) 1 (F7)&<9(/,9-*&*ﬁ 2
/.64 8 ),,h1(BD)&'&¡:56D0).-fﬁG))&
y






DFh)G),X6.D=DX(. ﬁ9-(jKG*&)ﬂ);G&ﬁﬁF7),9- ,G'ﬂ)bo&ﬂ)ﬀ :%)D64  ?F ﬁ$/.;2










ﬁ$%6.D*&*ﬁ/J,F7)G&ﬁﬁF7),9-+%/,,)'(.,FD(BD)&'&J+'.p7 ﬁ0&'&,).PD),F fﬁG))& ).;2
/7#6ﬀ.K#: (+') ).:).ﬁDD))b<,%,F7)G&ﬁﬁF7),9-,Xh1(BD)&'& +'ﬁ9-ﬃX:56D04
 ?.;fﬁG))&SBn:56D. AB9-CﬁﬂF7*(BD.I7#6E,F7)G&ﬁﬁF7),9-D+%/,,)'(.,FD(BD)&'&	).;2














/  .,9/ $( 11

fﬁG))&@:+'7 ﬁŁ7,)9-JF7)D6AB9-Cﬁﬂ6./D, ).5D),M>;+')M<9(/,9-*&*ﬁ/.. ,F7) 2















<9(. F(/9&)9-.=%/&?ﬁ.D.N>ﬁ)*ﬁ+*&. (BDMh) 2
G),DF7).&ﬁ.ﬃ. :56DEﬂ6.Cﬁ9-,ﬀ8ﬁ6p7U). +%D#6#ﬃ)'(.:DX8$ﬁ. ).//ﬃﬁ./.K#: (+')
0(F7G*&(jKIﬁﬃ (. D#69-6D)h*(BD"D¡Iﬁﬃ (.&ﬁ.&ﬁ0&
4
,0(.,ﬀ%6)ﬀ :56D.KD)FN>ﬁ 2
)*ﬁ+*&.6F7)%ﬁ.*&)9-¡ ?.p7C(F0ﬁ)'(.6FG7 ﬁŁ.64ﬃA;(F7)¡:56D%D)>;.ﬂ ﬁ*& D¡N>ﬁ)*ﬁ+*&.	ﬁ6p7
y





ﬁ6GK,9-:%))/{) D&ﬁ).KL,)..<9(9&'&I).ﬃG)+&ﬁIﬁﬃ (. ﬁ6,"D>;.&ﬁ0&
4
,
ﬂ6:/:%)...64#> 69-:.&ﬁ9-:D+(-ﬁ)'(.0D5Iﬁﬃ (.KD);) ?.ﬃG-ﬁ)'(. <+',,.
,.(9&'&K¡: ﬁ0D)n ?.ﬃG-ﬁ)'(.).).p7 ﬁ9-n> 6p7</ﬃﬁ+'K>).,+',.(.D F7)7).7Dﬁﬀ
/.({Ł.vN8))&b7 ﬁ0&¡<9(.6.ﬃ,9-)D*&)9-.N>ﬁ)*ﬁ+*&.G:%)1)F Iﬁ0&'& D> 6,,ﬀ-ﬁm6./,%ﬁ/9()04
 ?F >;.,9-*&)6#Ł0D&ﬁﬁ.+:56D D) AB9-Cﬁﬂ6./ D,1,F7)G&ﬁﬁF7),9-.¢h1(BD)&'&,%ﬁ.&ﬁ.D D
8$ﬁ.I7#6D.Uh)G), 6.D D)Iﬁﬃ (. D#69-/7#6ﬀ<4

F ﬁ6p7%D):AB)/.)bo^ﬁ.ﬂ7D
f7(B7ﬂ).ﬃ. D ,F7)G&ﬁﬁF7),9-.;f7(F7GA(..ﬃ0D,Gh1(BD)&'&,Eﬂ6J,ﬀ.K :56D D)
ﬁ,
4
F7GK (),9-&N4ﬀ)'&)6./D,6,F7)G&ﬁﬁF7),9-. AB9-Cﬁﬂ,	)F 8 -ﬁ)'&>)F >;.&ﬁ./-l











ﬂ04 F4 D&ﬁ,\N=(&ﬁ.D.,).).,> 6p7<ﬂ6/,
W
+',9-)+'.K
)..+:%)9-ﬃ)/.nE!).^6#Ł7ﬁ6p7UD.¢h)G),1ﬁ6,6+'.64 8$ﬁ+') &ﬁD)N>ﬁ)*ﬁ+*& ﬁ6&ﬁ0&
D.H/@({Ł. E!).^6#Ł:ﬁ6p74D.Ih)G),)4 Jﬁ,$D)4Cﬁ/+')ﬀ'.K : ﬁ.=.6$D&ﬁ, N=(&ﬁ.;2
D.,). <9(.LUﬁ%L,ﬁ6.D%ﬁ$,9-Cﬁ97 .H).Dﬁﬁ6.D¢<9(.H/{6K.¢N4%,i<+).D#6./.
7#6TD. h)G),<9(. "D6Km6./*4
f7(.po&D.ﬂ).ﬃi<ﬁ0&'& ,.(ﬂ: (*& 7#6 D)?ﬁ$%6.DF7)ﬁ0&, ﬁ69-7#6 D)¢1 (F7)n:56D.
7#6<B)(.6./,%ﬁ/9().(jKF7G*&*ﬁ),9- F7))&<4p8 ),$,).D7#6TD)ﬁE!,ﬀ)&'&)6./!<9(.







/  .,9/ $(































































































































  6 C$8
O"
































(.ﬃﬁ,ﬀ%ﬂ:%),9-..)D)/. + ﬁ'F7. ((;4 F
#




























































































































































































 ?. D),F >;+,9-.) :"D. ﬂ:") "),G))&=<9(. F7))&, D, ;ﬁD&ﬁ ﬃﬁﬁ 2Jﬁ,.(.;2
?









)"F7))&, D,;ﬁD&ﬁ ﬃﬁﬁ 2Jﬁ,.(.;2
?
.,9-Cﬁﬂ,4/,9-Cﬁﬂ%+'D)./




















































)"F7))&, D,;ﬁD&ﬁ ﬃﬁﬁ 2Jﬁ,.(.;2
?
.,9-Cﬁﬂ,4/,9-Cﬁﬂ%+'D)./
























































 !).=AB9-Cﬁﬂ#'1D) ﬁ, BF7GK (),9- )>ﬁ)*ﬁ.ﬂB2
?














ﬁ #' :%)DD ,F7)G&ﬁﬁF7),9-TAB9-Cﬁﬂ4ﬁ0&,!AB9-Cﬁﬂ
).T+',ﬀ)F7F .+>;ﬀ;ﬁ./,.64
(1)ﬂ,' :A'D6DEAB9-CﬁﬂEﬁ0&,8).5AB9-CﬁﬂD )4ﬁ0&'&/F7).ﬀ.;2 1(F7.ﬃB2  *(BD

















ﬁﬀﬂ ﬃ  J#'*&'&:"D.64






















































)., AB,ﬀF7,<9(. 1(F7.ﬃ 2 "D)./E'./.D(BD ﬀ8ﬀ*(/9(.&ﬁ0&)ﬁ,+'D)./E'./. 8/+'.64
















  $#&%'  (#*)*)*)#,+(ﬁ
/)&.64

ﬁ+')X:"D. ,.(V<B))& 1(F7.ﬃ 2 "D)./E'./.A:%)ﬂ,' ,9-Cﬁﬂ.D. GUﬁﬁF7







































































6@7D) F7))&, D,A;ﬁD&ﬁﬁ ﬃﬁ 2Jﬁ,.(.;2
?
.,9-Cﬁﬂ,0/,9-Cﬁﬂ. +'B2











































































































:%)D ﬁ0&, D AB9-Cﬁﬂ D! &.)ﬀ
#



















(.,),ﬀ.ﬂ '.D5D)0ﬁ, BF7GK (),9-  (F0ﬁ0&b<32
)'& './ D,7AB9-Cﬁﬂ,6/: ﬁ.&),ﬀ. <,)

-ﬁ)'&,:'+'D)>;..&ﬁF7. 	;4 +), 	;4  ).

    ﬁ+ 
#
(BDM<B/9& 4 $T)(F ﬁG4 +<9(.

   
 
	   D  ﬁ 
#
A 4ﬀ  































































   
 
	   D  ﬁ 
#
A 4  ﬁ454
#
#'TD);(1.&)C'./6D1ﬁ, BF7GK (),9-.
)4ﬀ)'& './6).,1ﬁ0&'&/F7).. ,F7)G&ﬁﬁF7),9-.AB9-Cﬁﬂ,)4 




















































//+'.64$;ﬁ9-0DF  !).,ﬂ. D LK'.:ﬃ)'(.. B 
9
 '.D .&ﬁ9- D

)ﬀ .ﬂ)B'./E/)+K






































































































    ﬁﬃﬁ
#








	 ,ﬃ	D /,9-Cﬁﬂ.'.L+',ﬁ..ﬃ. LK'.:ﬃ)'(..

6@7 +''9ﬂL,)9-ﬃ)/





































D #' D) ﬁ, BF7GK (),9-
?





   
 
	   D  ﬁ 
#

















































X:%)DH.&ﬁ9-$ D)%	 .ﬂ)ﬀ<4 ;ﬁ9- .ﬀ'F7),9-

)%	 .ﬂ)B'./




























































































































































D! &.)ﬀ 0<B/9& 4

    ﬁﬃﬁ
#









































































































































































	#%¼	:¦*+¦ ¦,.-0/1/d©\365ÏÎ¦bjej>sjnLsjxDpnlmrÒ^xyh1nFxli6ilmbje sjeYu´%xqe8xqnLsjŁ m<xFu



















































































?!)Ï,.-0/1/1/4365%+xqnxqnh1Ł<xqmrqc4il+myxDpxqe86xyh1nlm > ufxli«%xli0xDp'xli¤qgﬃnÒ^xyh\xqŁ gﬃe\hufxqn¤vwmyxDpocXbdc>xq`































































































































: 	,.-0/1/d©\365	sjnh\x%Ó8sj%YŁ<x%Xiqpmos1pmbjePsjeYu Ï¯6>b1poc>xlilm'i Yxliqpmoe\h1`
9<; Oﬁ	f
$TOÞO ¹"8Þ¼	&$&$


























) :,.-0/1/d©\365?myx¦v«xDpocﬃb0ujm'ãBufxqnvwmyxDpoiyYmyxyh\xqŁ<xqn6iqpxqŁoŁ gﬃe\hfª[n06xqmpoi06xqnlmrqc\pXqgﬃn¦Tn6iqpxqŁ 














































 ;Fﬁ"ﬁ,.-0/1/jf365)Ó>ªÓ Ó\ª  *$i0xqn



















§Ïﬁﬀ$#ﬀ	:º¤YÅ,.-0/1Öﬃ-365	c>x	tDs4r0pybjnlmsjŁYsjeYsjŁ ¯dilm'i%b.tTcfgﬃsje¤sfqmoŁ mp¯j` 9	G4;H>G4;5"9	G4;H>G4;+£[;9QÑ1=DJ6KF9QC·
ÀJF=0KFKD
§Ï f
































































































































































































































































































































































































































































































































































































































































































































































































































































































ﬁ, BF7GK (),9-  (F0ﬁ0&)ﬁ
#
 





























:")G:'.:ﬃ 2 )4ﬀ)'& './
#
	ﬃ
